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�BSTR�BT
Sdknldqhb F,pt‘cqtokdwdr ’F3r( ‘qd mnm,b‘mnmhb‘k CM@ rsqtbstqdr bnlonrdc ne SS@FFF qdod‘sr- Sgdx ‘qd dwsdmrhudkx rstchdc ansg ‘r
ahnlnkdbtkdr jdx enq fdmnld rs‘ahkhsx ‘mc ‘r oqnlhrhmf athkchmf aknbjr ‘mc etmbshnm‘k dkdldmsr hm rxmsgdshb ahnknfx ‘mc m‘mnsdbgmnknfx-
Sghr hr vgx hs hr dwsqdldkx hlonqs‘ms sn tmcdqrs‘mc gnv sgd hmsdq‘bshnm adsvddm F3r hr ‘eedbsdc ax sgdhq snonknfx- Vd trdc rl‘kk,‘mfkd
w,q‘x rb‘ssdqhmf sn hmudrshf‘sd sgd dmc,sn,dmc rs‘bjhmf ne ‘msho‘q‘kkdk sdknldqhb F,pt‘cqtokdwdr enqldc ax sgd rdptdmbd @F2’S1@F2(2-
Sn qdoqdrdms sgd dwodqhldms‘k c‘s‘+ vd cdudknodc ‘ ghfgkx de›bhdms bn‘qrd,fq‘hmdc ›sshmf snnk+ vghbg rtbbdrretkkx cdrbqhadc sgd r‘l,
okdr ‘r ‘m dpthkhaqhtl lhwstqd ne lnmnldqhb ‘mc chldqhb F3 rodbhdr- Ntq ›mchmfr hmchb‘sd sg‘s sgd ‘msho‘q‘kkdk snonknfx oqdudmsr sgd
enql‘shnm ne knmf ltkshldqhb rsqtbstqdr tmcdq rdke,bqnvchmf bnmchshnmr+ tmkhjd sgd gxaqhc.o‘q‘kkdk rsqtbstqdr enqldc ax sgd r‘ld CM@
rdptdmbd- Sghr qdrtks rtoonqsr sgd hcd‘ sg‘s sgd rs‘bjhmf ne lnmnldqhb F,pt‘cqtokdwdr hr rsqnmfkx ‘eedbsdc ax sgd oqdrdmbd ne ch‘fnm‘k
knnor-

© 1/13 @tsgnq’r(- @kk ‘qshbkd bnmsdms+ dwbdos vgdqd nsgdqvhrd mnsdc+ hr khbdmrdc tmcdq ‘ Bqd‘shud Bnllnmr @ssqhatshnm ’BB AX( khbdmrd
’gsso9..bqd‘shudbnllnmr-nqf.khbdmrdr.ax.3-/.(- gssor9..cnh-nqf.0/-0/52.4-/114260

I# INTRODUBTION

F,Pt‘cqtokdwdr ’F3r( qdoqdrdms ‘ tmhptd ‘mc e‘rbhm‘shmf bk‘rr
ne mnm,b‘mnmhb‘k mtbkdhb ‘bhc rdbnmc‘qx rsqtbstqdr sg‘s ‘qd oqnmd sn
enql hm F,qhbg CM@.QM@ rdptdmbdr- Sgdrd rsqtbstqdr ‘qhrd eqnl
sgd rs‘bjhmf ne svn nq lnqd F,pt‘qsdsr+ enqldc ax sgd ‘rrnbh‘shnm ne
entq ft‘mhmd a‘rdr sgqntfg Gnnfrsddm gxcqnfdm anmchmf-0fl3 Sgd
mtbkdnshcdr sg‘s ‘qd mns dmf‘fdc hm sgd Gnnfrsddm mdsvnqjr o‘q,
shbho‘sd hm sgd enql‘shnm ne knnor aqhcfhmf sgd dwsqdl‘k sdsq‘cr-
Bnnqchm‘shnm ne ‘ bdmsq‘k b‘shnm vhsg sgd N5 ‘snlr ne sgd ft‘mhmd
a‘rdr hr drrdmsh‘k sn sgd rs‘ahkhsx ne sgd rsqtbstqd- @ chrshmbshud ed‘stqd
ne F3r hr sgdhq rsqtbstq‘k onkxlnqoghrl+ vghbg hr dlanchdc hm sgd
chudqrhsx ne sgdhq onrrhakd bnmenql‘shnmr cdodmchmf nm sgd rodbh›b
mtbkdnshcd rdptdmbd ‘mc sgd dmuhqnmldms‘k bnmchshnmr-4+5 A‘rdc nm

sgd qdk‘shud nqhdms‘shnm ne sgd F,sq‘bsr hm sgd 4�fl2� chqdbshnm+ F3r
b‘m ad bk‘rrh›dc ‘r o‘q‘kkdk+ ‘msho‘q‘kkdk+ ‘mc gxaqhc2+3 ’rdd Ehf- 0(-
Hm sgd o‘q‘kkdk snonknfx+ ‘kk sgd F,sq‘bsr qtm hm sgd r‘ld chqdbshnm+
vgdqd‘r hm sgd ‘msho‘q‘kkdk snonknfx+ svn ‘ci‘bdms F,sq‘bsr qtm hm
noonrhsd chqdbshnmr- Sgd gxaqhc bnmenql‘shnm bnlahmdr ed‘stqdr ne
ansg o‘q‘kkdk ‘mc ‘msho‘q‘kkdk ‘qq‘mfdldmsr- Svn o‘q‘kkdk F,sq‘bsr
‘qd trt‘kkx bnmmdbsdc ax dwsdqm‘k ’nq oqnodkkdq( knnor+ vghkd svn
‘msho‘q‘kkdk F,sq‘bsr ‘qd bnmmdbsdc ax k‘sdq‘k knnor he sgdx ‘qd bnm,
shftntr ‘mc ax ch‘fnm‘k knnor he sgdx ‘qd nm sgd noonrhsd rhcd ne sgd
F,pt‘qsds-

Ots‘shud F3,enqlhmf rdptdmbdr ‘qd vhcdroqd‘c hm sgd gtl‘m
fdmnld-6 Mdudqsgdkdrr+ sgdhq ghfgdq bnmbdmsq‘shnm hm rodbh›b knb‘,
shnmr+ rtbg ‘r fdmd oqnlnsdqr ‘mc sdknldqhb qdfhnmr+ rtffdrsr
sgdhq hmunkudldms hm rhfmh›b‘ms ahnknfhb‘k oqnbdrrdr rtbg ‘r fdmd
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EHF- 0- Rbgdl`shb qdoqdrdms`shnm ne o`q`kkdk '`(+ `msho`q`kkdk 'a(+ `mc gxaqhc 'b( F3
snonknfhdr- 'c( Bgdlhb`k qdoqdrdms`shnm ne sgd F,sdsq`c-

dwoqdrrhnm ‘mc sdknldqd l‘hmsdm‘mbd-0+1+7 Hmcddc+ hs v‘r rgnvm
sg‘s+ vgdm F3r ‘qd mns oqnodqkx tmvntmc ax gdkhb‘rdr+ hrrtdr
rtbg ‘r sdknldqhb k‘ffhmf rsq‘mc cdedbsr ‘mc rknvdc qdokhb‘shnm
sgqntfg sdknldqdr hm bnlahmf ‘rr‘xr ‘qhrd-8 Lnqdnudq+ sgd chrshmb,
shud ogxrhbn,bgdlhb‘k oqnodqshdr ne sgdrd rsqtbstqdr g‘ud kdc sn sgd
cdudknoldms ne mtldqntr ‘ookhb‘shnmr hm sgd ›dkcr ne l‘sdqh‘kr rbh,
dmbd ‘mc m‘mnsdbgmnknfx- Hm o‘qshbtk‘q+ sgd rsqnmf cdodmcdmbd ne
F3 rs‘ahkhsx ‘mc snonknfx nm sgd sxod ‘mc bnmbdmsq‘shnm ne b‘shnmr hm
rnktshnm l‘jdr sgdl vdkk,rthsdc enq trd ‘r rvhsbg‘akd bnlonmdmsr
hm lnkdbtk‘q l‘bghmdr ‘mc oqnfq‘ll‘akd m‘mnrsqtbstqdr-0/+00

@s oqdrdms+ sgd u‘rs l‘inqhsx ne rstchdr nm F3 rsqtbstqdr ‘qd
bnmbdqmdc vhsg sgdhq lnmnldqhb rs‘sd- Bdkktk‘q mtbkdh+ gnvdudq+ ‘qd
ghfgkx bqnvcdc dmuhqnmldmsr+ ‘mc ots‘shud F3,enqlhmf rdptdmbdr
l‘x ad knb‘sdc hm CM@ qdfhnmr pthsd bknrd sn d‘bg nsgdq-01fl03 Sgdqd,
enqd+ sgd hmsdq‘bshnmr adsvddm cheedqdms F3 rta,tmhsr lhfgs kd‘c
sn ltkshldqhb ghfgdq,nqcdq rsqtbstqdr tmcdq ogxrhnknfhb‘k bnmch,
shnmr-04 Dudm sgntfg a‘rd,o‘hqhmf hr sgd lnrs bnllnm ldbg‘mhrl
kd‘chmf sn sgd ltkshldqhy‘shnm ne mtbkdhb ‘bhcr+ rs‘bjhmf hmsdq‘bshnmr
‘s sgd kdudk ne dwsqdl‘k sdsq‘cr ‘qd ‘krn jmnvm sn hmctbd sgd enq,
l‘shnm ne rdke,‘rrdlakdc F3 ‘ffqdf‘sdr- Sgd kdmfsg ne sgd qdrtkshmf
ghfgdq,nqcdq rsqtbstqdr lhfgs u‘qx eqnl ‘ edv F3r ’l‘hmkx chldqr
‘mc sqhldqr( sn ‘ edv gtmcqdc F3r hm sgd b‘rd ne F,vhqdr-05fl08

@s sgd sdknldqhb kdudk+ sgd ahnknfhb‘k qnkd ne ltkshldqhb rsqtb,
stqdr g‘r addm ‘rrnbh‘sdc vhsg oqnsdhm qdbnfmhshnm ‘mc sdknldq‘rd
oqnbdrrhmf-7 Hm ‘cchshnm+ sgd oqdrdmbd ne ltkshldqhb F3 rsqtb,
stqdr g‘r addm khmjdc vhsg mdtqnknfhb‘k chrnqcdqr-1/ Etqsgdqlnqd+
‘ cddodq tmcdqrs‘mchmf ne rs‘bjhmf hmsdq‘bshnmr ‘mc rdke,‘rrdlakx
ne F3 rta,tmhsr bntkc ok‘x ‘ bqtbh‘k qnkd hm sgd e‘aqhb‘shnm ne
vdkk,nqcdqdc m‘mn,mdsvnqjr-10 Hmcddc+ vdkk,nqcdqdc CM@ m‘mn,
mdsvnqjr g‘ud dldqfdc ‘r oqnlhrhmf ok‘senqlr hm m‘mnsdbgmnknfx

ctd sn sgdhq tmhptd rsqtbstq‘k oqnodqshdr ‘mc oqnfq‘ll‘ahkhsx-11+12

Ghfg,nqcdqdc F3r bntkc ad cdrhfmdc vhsg oqdbhrd bnmsqnk nudq rhyd+
rg‘od+ ‘mc etmbshnm‘khsx- Sgdrd mdsvnqjr b‘m needq ‘ udqr‘shkd eq‘ld,
vnqj enq u‘qhntr ‘ookhb‘shnmr+ hmbktchmf cqtf cdkhudqx+ ahnrdmrhmf+
‘mc m‘mndkdbsqnmhbr-

Hm ‘ qdbdms rstcx+ vd g‘ud hmudrshf‘sdc sgd ltkshldqhy‘shnm
ne sgd lncdk gtl‘m sdknldqhb rdptdmbd @F2’SS@F2(2 ’Sdk11( hm
J+ rnktshnm+ ‘r hmctbdc ax rdke,bqnvchmf-13 Enq sghr otqonrd+ vd
hmsqnctbdc ‘ mnudk ‘ooqn‘bg bnlahmhmf Dwsqdldkx Bn‘qrd Fq‘hmdc
’DBF( Lnmsd B‘qkn Rhltk‘shnmr ‘mc Rl‘kk @mfkd W,q‘x Rb‘ssdqhmf
’R@WR( dwodqhldmsr- Ntq qdrtksr rgnvdc gnv rs‘bjhmf hmsdq‘bshnmr
‘s sgd kdudk ne sgd dwsqdl‘k sdsq‘cr kd‘c sn sgd enql‘shnm ne ‘ffqd,
f‘sdr bg‘q‘bsdqhydc ax ‘m dwonmdmsh‘k bg‘hm kdmfsg chrsqhatshnm-
Etqsgdqlnqd+ vd nardqudc ‘m hmbqd‘rd hm sgd eq‘bshnm ne o‘q‘k,
kdk rsqtbstqdr+ ‘knmf vhsg ‘ cdbqd‘rd hm sgd rxm,‘msh ‘mc ch‘fnm‘k
+ k‘sdq‘k knno rsqtbstq‘k bnlonmdmsr+ tonm hmbqd‘rhmf sgd ‘udq‘fd
ltkshldq bg‘hm kdmfsg- Gdqd+ vd qdonqs sgd qdrtksr ne R@WRld‘rtqd,
ldmsr odqenqldc sn hmudrshf‘sd sgd deedbs ne rdke,bqnvchmf nm sgd
ltkshldqhy‘shnm ne Sdk11 hm M‘+ rnktshnm ‘mc sn etqsgdq dktbhc‘sd
sgd rtaskd hmsdqok‘x adsvddm F3 snonknfx ‘mc rdke,‘rrdlakx hmctbdc
ax rs‘bjhmf hmsdq‘bshnmr- Hm bnmsq‘rs sn sgd b‘rd ne Sdk11 ’J+(+
Sdk11 ’M‘+( hr dwodbsdc sn ‘cnos ‘ l‘hmkx ‘msho‘q‘kkdk snonknfx-14+15

Hm nqcdq sn ‘bbtq‘sdkx qdoqnctbd sgd nas‘hmdc R@WR oqn›kdr+ vd
cdudknodc ‘m DBF ›sshmf snnk rodbh›b‘kkx cdrhfmdc sn hcdmshex sgd
ltkshldqhb fdnldsqx sg‘s noshl‘kkx qdoqnctbdr sgd R@WR c‘s‘- Vd
nardqudc sg‘s sgd ‘msho‘q‘kkdk ‘qq‘mfdldms hmghahsr sgd enql‘shnm
ne dwsdmrhud ltkshldqhb rsqtbstqdr tmcdq rdke,bqnvchmf bnmchshnmr+
tmkhjd sgd gxaqhc.o‘q‘kkdk rsqtbstqdr enqldc ax sgd hcdmshb‘k CM@
rdptdmbd-

II# M�TERI�LS �ND METHODS
�# Sample pqepaqaßiñn

Sgd kxnoghkhydc gtl‘m sdknldqhb rdptdmbd Sdk11 v‘r otq,
bg‘rdc eqnl Dtqnfdmsdb ’Rdq‘hmf+ Adkfhtl( ‘mc chrrnkudc hm ‘
4/ lL ognrog‘sd ateedq ‘s oG 6+ /-2 lL DCS@+ ‘mc 04/ lL
M‘Bk- @ rsnbj rnktshnm vhsg ‘ CM@ bnmbdmsq‘shnm ne B = 02 lL
v‘r ‘mmd‘kdc ax gd‘shmf to sn 84+ ‘mc sgdm rknvkx bnnkhmf cnvm
sn qnnl sdlodq‘stqd- Sgd rnktshnm v‘r kdes nudqmhfgs ‘s qnnl sdl,
odq‘stqd- Rtardptdmskx+ bdmsqhetf‘shnm ne sgd rnktshnm ‘s 04 +B ‘mc
04 /// qol enq 01/ r v‘r odqenqldc- @s sghr onhms+ sgqdd rnktshnmr ‘s
B ± /-5 lL+ B ± 0-1 lL+ ‘mc B ± 3-4 lL vdqd oqdo‘qdc eqnl sgd
bdmsqhetfdc rnktshnm- Sgd lnk‘qhsx ne sgd rnktshnmr v‘r cdsdqlhmdc
ax TU ‘arnqoshnm rodbsqnrbnox+ trhmf ‘ lnk‘q dwshmbshnm bnde›bhdms
ε ± 117 4// L−0 bl−0 ‘s 15/ ml- Ehm‘kkx+ sgd sgqdd rnktshnmr vdqd
etqsgdq ‘mmd‘kdc ‘mc kdes ‘s qnnl sdlodq‘stqd nudqmhfgs- Sghr oqn,
bdctqd v‘r dloknxdc hm ntq oqduhntr vnqj sn nas‘hm sgd enql‘shnm
ne ‘ffqdf‘sdr hm sgd b‘rd ne Sdk11 ’J+(-13

Hm nqcdq sn nas‘hm ‘ Sdk11 r‘lokd hm sgd otqdrs onrrh,
akd lnmnldqhb rs‘sd+ ‘ rnktshnm vhsg ‘ CM@ bnmbdmsq‘shnm ne
B ± 0 lL v‘r ‘mmd‘kdc trhmf sgd r‘ld ateedq- Rtardptdmskx+ Rhyd
Dwbktrhnm Bgqnl‘snfq‘ogx ’RDB( v‘r odqenqldc trhmf ‘m dpthkh,
aq‘sdc Rtodqcdw 64 05.5// bnktlm jdos ‘s ‘ bnmrs‘ms finv q‘sd ne
/-4 lk.lhm- Sgd kn‘chmf bnmbdmsq‘shnm ‘mc hmidbshnm unktld ne
sgd r‘lokd vdqd+ qdrodbshudkx+ B ± 0 lL ‘mc U ± 2// μk- @esdq
bnkkdbshmf sgd lnmnldqhb eq‘bshnm+ TU ‘arnqoshnm rodbsqnrbnox
ld‘rtqdldmsr vdqd odqenqldc sn ‘rrdrr sgd lnk‘qhsx ne sgd rnktshnm+
vghbg qdrtksdc sn ad B ± 51 μL-

I- Bgdl- Ogxr- 050+ 0/40/0 '1/13(: cnh9 0/-0/52.4-/114260 050+ 0/40/0,1
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B# S�XS expeqimenß
Sgd R@WR dwodqhldms v‘r odqenqldc ‘s sgd AL18 ad‘lkhmd

‘s sgd Dtqnod‘m Rxmbgqnsqnm Q‘ch‘shnm E‘bhkhsx ’DRQE( hm Fqdmn,
akd+ Eq‘mbd- Sgd hmbhcdms dmdqfx v‘r 01-4 jdU ’hmbhcdms v‘udkdmfsg
/-/88 ml(+ ‘mc sgd rb‘ssdqhmf udbsnq q‘mfd v‘r Z/-/33fl4-10\ ml−0-
@kk sgd o‘ssdqmr vdqd ‘bpthqdc ‘s sdlodq‘stqd S ± 1/ +B+ ‘mc sgd
ateedqr vdqd ‘krn ld‘rtqdc hm nqcdq sn odqenql ‘ oqnodq rtasq‘bshnm
ne sgd rnkudms bnmsqhatshnm sn sgd r‘lokd dmuhqnmldms-

B# Biqbulaq dibhqñism expeqimenß
Bhqbtk‘q Chbgqnhrl ’BC( ld‘rtqdldmsr ne Sdk11 ’M‘+( ‘s bnm,

bdmsq‘shnmr B ± 51 μL+ B ± /-5 lL+ B ± 0-1 lL+ ‘mc B ± 3-4 lL
‘mc ne sgd Sdk11 RDB lnmnldq vdqd odqenqldc trhmf ‘ I‘rbn I,70/
rodbsqnonk‘qhldsdq hm /-/0fl/-0 ll o‘sg kdmfsg pt‘qsy bdkkr- Rodbsq‘
vdqd bnkkdbsdc hm sgd q‘mfd eqnl 11/ sn 22/ ml vhsg ‘ rb‘m roddc ne
4/ ml.lhm- @kk sgd BC oqn›kdr vdqd ‘bpthqdc ‘s qnnl sdlodq‘stqd-
BC c‘s‘ vdqd dwoqdrrdc ‘r sgd cheedqdmbd hm sgd lnk‘q ‘arnqoshnm Δε
ZL−0 bl−0\ ne sgd qhfgs, ‘mc kdes,g‘mcdc bhqbtk‘qkx onk‘qhydc khfgs-

D# Œñlxabqxlamide gel elebßqñphñqesis ]Œ�GE(
M‘shud 1/$ O@FD fdkr vdqd oqdo‘qdc vhsg 1890 ‘bqx,

k‘lhcd.ahr‘bqxk‘lhcd rnktshnm ‘mc 0+ SAD ’SqhrflAnq‘sdflDCS@(+
oG 6-/- Fdkr vdqd qtm ‘s 3 +B ‘mc 01/ U enq 0 g- Nkhfnmtbkdnshcd
r‘lokdr ‘mmd‘kdc ‘s /-5+ 0-1+ ‘mc 3-4 lL bnmbdmsq‘shnmr vdqd
chktsdc sn 1/ nq 4/ μL bnmbdmsq‘shnm hm ‘ 4/ lL ognrog‘sd ateedq
‘s oG 6-/+ rtookdldmsdc vhsg /-2 lL DCS@ ‘mc 04/ lL M‘Bk- @
rnktshnm ne fkxbdqnk.SAD v‘r ‘ccdc ’0/$ ›m‘k( sn e‘bhkhs‘sd r‘lokd
kn‘chmf hmsn sgd vdkkr- A‘mcr vdqd uhrt‘khydc ax TU rg‘cnvhmf ‘s
143 ml-

E# EBG ßßing
Enq sgd ‘m‘kxrhr ne sgd R@WR c‘s‘ oqdrdmsdc hm sghr vnqj+ vd

oqnonrd ‘ mnudk DBF ›sshmf snnk- Sgd mnql‘khydc R@WR hmsdmrhsx
bnqqdronmchmf sn ‘m ‘qq‘mfdldms ne rhlokd fdnldsqhb rta,tmhsr
hr qdoqnctbdc hm ‘ bnlots‘shnm‘k bnrs,deedbshud l‘mmdq- Sghr hr
‘bghdudc ax q‘mcnlkx fdmdq‘shmf M rb‘ssdqhmf onhmsr vhsg tmhenql
mtladq cdmrhsx vhsghm sgd fdnldsqhb rta,tmhsr-13+16 @ ghrsnfq‘l
bnms‘hmhmf sgd chrsqhatshnm ne sgd chrs‘mbdr adsvddm ‘kk onrrhakd o‘hqr
ne onhmsr+ vghbg bnqqdronmcr sn sgd o‘hq chrs‘mbd chrsqhatshnm oq(+
hr sgdm fdmdq‘sdc+ ‘mc sgd mnql‘khydc enql e‘bsnq hr b‘kbtk‘sdc ‘r

OmnqlP( ±

Mahmr

∑
h=0

oqh( rhm Pqh(/Pqh(
Mahmr

∑
h=0

oqh(
+ ’0(

vgdqd Mahmr hr sgd mtladq ne ahmr hm sgd oq( ghrsnfq‘l+ qh hr sgd
hsg dmsqx+ ‘mc P hr sgd lnldmstl sq‘mredq-17 Ntq ‘kfnqhsgl hr btq,
qdmskx khlhsdc sn g‘qc bxkhmcdq ’GB( rta,tmhsr ats+ hm oqhmbhokd+
bntkc ad dwsdmcdc sn nsgdq fdnldsqhb‘k rg‘odr- Sgd u‘qhntr GB
rta,tmhsr trdc sn bnmrsqtbs sgd ›sshmf lncdk b‘m ad sq‘mrk‘sdc ‘mc
qns‘sdc vhsg qdrodbs sn d‘bg nsgdq sn nas‘hm ‘mx ‘qahsq‘qx bnm›ftq‘,
shnm hm sgd sgqdd,chldmrhnm‘k ro‘bd- Rtardptdmskx+ vd hlokdldmsdc
‘ KdudmadqfflL‘qpt‘qcs ‘kfnqhsgl enq mnmkhmd‘q kd‘rs rpt‘qdr btqud,
›sshmf sg‘s ‘kknvr tr sn hcdmshex sgd GB fdnldsqhb bnm›ftq‘shnm sg‘s
adrs qdoqnctbdr sgd dwodqhldms‘k R@WR hmsdmrhsx-18

F# Fißßing mñdels
Sgd R@WR rhfm‘kr ne sgd r‘lokdr ‘s B ± /-5 lL ‘mc

B ± 0-1 lL bnmbdmsq‘shnmr vdqd ›ssdc trhmf ‘ lncdk bnmrhrshmf
ne ‘ lnmnldqflchldq lhwstqd- Sgd chldq+ vghbg hr bnlonrdc ne
svn GBr vhsg q‘chtr Q ‘mc kdmfsg K+ hr nas‘hmdc ax ‘khfmhmf sgd
svn rta,tmhsr nm sno ne d‘bg nsgdq ‘s chrs‘mbd c ± /-4Q adsvddm sgd
bdmsdqr ne sgd dwsqdl‘k a‘rdr ‘mc sgdm qns‘shmf sgd sno GB rn sg‘s
sgd svn bdmsq‘k ‘wdr enql ‘ shkshmf ‘mfkd α- @ b‘qsnnm qdoqdrdms‘shnm
ne sgd lncdk hr qdonqsdc hm Ehfr- 3’‘(fl3’b(- Ax cdmnshmf sgd bnmsqh,
atshnmr ne sgd lnmnldqhb ‘mc chldqhb enql e‘bsnqr+ qdrodbshudkx+
vhsg Omnql

lnm P( ‘mc Omnql
chl P(+ sgd nudq‘kk R@WR hmsdmrhsx b‘m ad

dwoqdrrdc ‘r

HP( ± BM@Δρ(1U1
lnm[ elnmOmnql

lnm P( + 10 � elnm(Omnql
chl P()+

’1(

vgdqd M@ hr @unf‘cqn&r mtladq+ Δρ hr sgd rb‘ssdqhmf kdmfsg cdmrhsx
bnmsq‘rs+ Ulnm hr sgd lnmnldq&r unktld+ ‘mc elnm hr sgd eq‘bshnm ne
GBr hm sgd lnmnldqhb rs‘sd- Sgd q‘chtr Q ‘mc gdhfgs K ne sgd GBr+
vghbg ‘qd rtoonrdc sn ad sgd r‘ld hm lnmnldqr ‘mc chldqr+ vdqd
trdc ‘r ›sshmf o‘q‘ldsdqr ‘knmf vhsg elnm-

@s sgd ghfgdrs hmudrshf‘sdc bnmbdmsq‘shnm ’B ± 3-4 lL(+ qdotk,
rhud hmsdq‘bshnmr adsvddm sgd rb‘ssdqhmf o‘qshbkdr vdqd nardqudc-
Sgdqdenqd+ Dp- ’1( v‘r lnch›dc sn s‘jd hmsn ‘bbntms hmsdq,o‘qshbkd
bnqqdk‘shnmr- Sghr b‘m ad cnmd ax hmsqnctbhmf o‘qsh‘k rs‘shb rsqtb,
stqd e‘bsnqr cdrbqhahmf lnmnldqfllnmnldq+ lnmnldqflchldq+ ‘mc
chldqflchldq hmsdq‘bshnmr- Sgd oqdrdms ‘m‘kxrhr+ gnvdudq+ qdud‘kdc
sg‘s nmkx ‘ rl‘kk eq‘bshnm ’m‘ldkx kdrr sg‘m 4$( ne sgd F3 rta,tmhsr hr
hmunkudc hm sgd enql‘shnm ne chldqr+ sgtr kd‘chmf sn mdfkhfhakd cduh,
‘shnmr eqnl tmhsx enq sgd lnmnldqflchldq ‘mc chldqflchldq o‘qsh‘k
rsqtbstqd e‘bsnqr-2/ @r ‘ bnmrdptdmbd+ nmkx lnmnldqfllnmnldq
hmsdq‘bshnmr vdqd s‘jdm hmsn ‘bbntms ‘mc sgd R@WR hmsdmrhsx ne sgd
B ± 3-4 lL r‘lokd v‘r lncdkdc ‘r enkknvr9

HP( ± BM@Δρ(1U1
lnm[ elnmR�P: ogh+C(Omnql

lnm P(
+ 10 � elnm(Omnql

chl P()+ ’2(

vgdqd R�P: ϕ+C( hr ‘ bnqqdbsdc rsqtbstqd e‘bsnq sg‘s hr trt‘kkx
dloknxdc hm sgd b‘rd ne mnm,rogdqhb‘kkx rxlldsqhb rb‘ssdqhmf o‘q,
shbkdr-20 Ax cdmnshmf sgd nqhdms‘shnm‘k ‘udq‘fd ne sgd rb‘ssdqhmf
‘lokhstcd ne ‘ GB ‘r ⟨ eP(⟩+ R�P: ϕ+C( s‘jdr sgd enkknvhmf enql9

R�P:ϕ+C( ± 0 + ∣⟨ e P(⟩∣1
HlnmP(

ROXP:ϕ+C( � 0(- ’3(

Sgd dwoqdrrhnm enq sgd lnmnldqfllnmnldq rsqtbstqd e‘bsnq
ROXP: ϕ+C(+ vghbg v‘r trdc hm sgd oqdrdms vnqj+ hr sg‘s ne sgd g‘qc
rogdqd qdotkrhud onsdmsh‘k-21 ϕ cdmnsdr sgd o‘qshbkdr& unktld eq‘bshnm
hm sgd rnktshnm+ ‘mc C hr sgd g‘qc rogdqd ch‘ldsdq-

III# RESULTS �ND DISBUSSION
@r ‘kqd‘cx nardqudc hm sgd khsdq‘stqd+ sgd rdbnmc‘qx rsqtbstqdr

ne Sdk11 ’M‘+( ‘mc Sdk11 ’J+( hm chktsdc rnktshnmr ‘qd pthsd che,
edqdms+ adhmf oqdu‘kdmskx ‘msho‘q‘kkdk ‘mc gxaqhc+ qdrodbshudkx ’rdd
Ehf- R0‘(-14+22fl24 Sgd cheedqdms adg‘uhnq ne sgd Sdk11 rdptdmbd hm sgd

I- Bgdl- Ogxr- 050+ 0/40/0 '1/13(: cnh9 0/-0/52.4-/114260 050+ 0/40/0,2

® @tsgnq'r( 1/13

1
1
S
e
p
te
m
b
e
r
2
0
2
4
0
6
:5
2
:1
8



Pfc CnsomTi
ne �fclhaTi Jfurhar @QSHBKD otar-`ho-nqf.`ho.ibo

EHF- 1- Bnlo`qhrnm adsvddm sgd BC rodbsq` ne Sdk11 hm J� 'fqddm( `mc M`� 'aqnvm( rnktshnmr `s '`( B = /-5 lL+ 'a( B = 0-1 lL+ `mc 'b( B = 3-4 lL bnmbdmsq`shnmr-

oqdrdmbd ne sgd svn b‘shnmr hr dudmlnqd duhcdms vgdm sgd CM@ bnm,
bdmsq‘shnm hr hmbqd‘rdc+ ‘r rgnvm hm sgd BC rodbsq‘ qdonqsdc hm Ehf- 1-
Hm sgd b‘rd ne Sdk11 ’M‘+(+ sgd chrshmbshud l‘qjdqr ne sgd ‘msho‘q‘kkdk
snonknfx+ h-d-+ ‘ l‘whltl ‘s ≃184 ml ‘mc ‘lhmhltl ‘s ≃15/ ml+25
b‘m ad hcdmsh›dc enq ‘kk sgd r‘lokdr- Sgd hmsdmrhsx ne ansg sgdrd
ed‘stqdr nmkx chrok‘xr rkhfgs bg‘mfdr vhsg hmbqd‘rhmf bnmbdmsq‘shnm:
sgdqdenqd+ mn l‘inq bnmenql‘shnm‘k cheedqdmbdr ‘lnmf sgd r‘lokdr
b‘m ad hmedqqdc- Sghr ›mchmf hr hm bnmsq‘rs sn sgd b‘rd ne Sdk11 ’J+(+
vgdqd ‘ bkd‘q rghes eqnl sgd gxaqhc snv‘qc sgd o‘q‘kkdk snonknfx v‘r
nardqudc ‘r ‘ etmbshnm ne bnmbdmsq‘shnm+ ‘r vhsmdrrdc ax sgd e‘bs sg‘s
sgd rgntkcdq ‘s 154 ml adbnldr sgd cnlhm‘ms od‘j vhsg qdrodbs sn
sgd l‘whltl ‘s 18/ ml-13

Nmd b‘m vnmcdq vgdsgdq sgd nardqudc snonknfhb‘k cheedqdmbdr
ne Sdk11 hm sgd svn hnmhb dmuhqnmldmsr ‘qd qdk‘sdc sn sgd ltkshldq,
hy‘shnm oqnodqshdr ne sgd hmunkudc F3r- R@WR hr ‘ o‘qshbtk‘qkx rths‘akd
sdbgmhptd sn ‘mrvdq sghr ptdrshnm+ ‘r hs hr ‘akd sn oqnad sgd rsqtbstq‘k
oqnodqshdr ne ahnlnkdbtkdr hm sgd m‘mnldsdq rb‘kd-

Hm Ehf- R0a+ ‘ bnlo‘qhrnm adsvddm sgd R@WR rhfm‘kr ne sgd
Sdk11 ’M‘+( ‘mc Sdk11 ’J+(13 lnmnldqr hr qdonqsdc- Qdl‘qj,
‘akx+ sgd rhfm‘kr rtodqhlonrd pthsd vdkk nmsn d‘bg nsgdq+ rtffdrshmf
sg‘s sgd F3 lnmnldqhb tmhsr hm sgd svn hnmhb dmuhqnmldmsr g‘ud

‘ooqnwhl‘sdkx sgd r‘ld chldmrhnmr vhsghm sgd dwodqhldms‘kkx
‘bbdrrhakd ro‘bd qdrnktshnm- Sghr qdrtks ghfgkhfgsr sgd che›btksx ne
chrshmfthrghmf sgd cheedqdms snonknfhdr ne F3r vhsg R@WR- @r rgnvm
hm Ehf- R1+ sgd dwodqhldms‘k c‘s‘ ‘qd qdoqnctbdc udqx vdkk enq Sdk11
’M‘+( ax ‘ G‘qc Bxkhmcdq ’GB( enql e‘bsnq vhsg sgd bnqqdronmc,
hmf u‘ktdr enq sgd q‘chtr Qlnm ± 0-/1 ± /-/1 ml ‘mc enq sgd gdhfgs
Klnm ± 2-0 ± /-2 ml- Sgdrd u‘ktdr ‘qd udqx rhlhk‘q sn sgnrd entmc
enq Sdk11 ’J+(- Hs hr vnqsg mnshmf sg‘s+ trhmf sgd GB rg‘od hr dpthu,
‘kdms sn cdrbqhad sgd F3 lnmnldq ‘r ‘ gnlnfdmdntr ahnlnkdbtkd-
@bst‘kkx+ hm sgd o‘rs+ sgd F3 R@WR enql e‘bsnq g‘r addm ‘bbtq‘sdkx
‘ooqnwhl‘sdc vhsg ‘ bnqdflrgdkk bxkhmcdq lncdk+ vhsg ‘m hmmdq bnqd
qdoqdrdmshmf sgd b‘uhsx bnms‘hmhmf sgd bdmsq‘k b‘shnmr ‘mc ‘m ntsdq
rgdkk cdrbqhahmf ft‘mhmdr+ gxcq‘sdc rtf‘q+ ‘mc ognrog‘sd fqntor-26
Vd udqh›dc sg‘s sghr lncdk oqnuhcdr ‘m dpthu‘kdms qdctbdc bgh,
rpt‘qdc u‘ktd ‘r sgd GB lncdk vgdm ›sshmf sgd R@WR c‘s‘ ne F3
lnmnldqr- Enq sghr qd‘rnm+ sn l‘hms‘hm sgd DBF ›sshmf ldsgnc ‘r
de›bhdms ‘r onrrhakd+ vd ‘cnosdc sgd k‘ssdq+ vghbg dloknxr ‘ knvdq
mtladq ne o‘q‘ldsdqr-

@r enq sgd r‘lokdr ‘mmd‘kdc ‘s ghfg CM@ bnmbdmsq‘shnmr+ sgd
bnqqdronmchmf R@WR hmsdmrhshdr ‘qd qdonqsdc hm Ehf- 2 enq ansg hnmhb
dmuhqnmldmsr ‘s B ± /-5lL Zo‘mdk ’‘(\+ B ± 0-1lL Zo‘mdk ’a(\+ ‘mc

EHF- 2- Bnlo`qhrnm adsvddm sgd R@WR btqudr ne Sdk11 'J�( 'fqddm( `mc Sdk11 'M`�( 'aqnvm( rnktshnmr `s '`( B = /-5 lL+ 'a( B = 0-1 lL+ `mc 'b( B = 3-4 lL- Sgd R@WR
btqud ne Sdk11 'M`�( `s B = 51 μL 'ak`bj c`rgdc khmd( hr `krn qdonqsdc sn ghfgkhfgs `mx rhfmh›b`ms cduh`shnm eqnl sgd lnmnldqhb rs`sd- Sgd btqudr ne Sdk11 'J�( `mc Sdk11
'M`�( B = 51 μL g`ud addm qdrb`kdc ax `m `qahsq`qx e`bsnq sn adssdq dlog`rhyd sgd cheedqdmbdr hm rg`od vhsg Sdk11 'M`�(- Sgd fq`x `qd` ghfgkhfgsr sgd ghfg,P qdfhnm+ vgdqd
`kk sgd btqudr nudqk`o vhsg d`bg nsgdq-
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B ± 3-4 lL Zo‘mdk ’b(\- Sgd pthsd fnnc nudqk‘o ne sgd btqudr hm sgd
ghfg,P qdfhnm ’fq‘x ‘qd‘r hm Ehf- 2( nmbdlnqd rtffdrsr sg‘s sgd nudq,
‘kk rg‘od ne sgd F3 rta,tmhsr hr rhlhk‘q hm sgd svn hnmhb dmuhqnmldmsr
‘s ‘kk sgd hmudrshf‘sdc bnmbdmsq‘shnmr- Hm sgd knv,P qdfhnm+ gnvdudq+
rsqhjhmf cheedqdmbdr b‘m ad mnshbdc- Hm Sdk11 ’J+(+ sgdqd hr ‘m nardqu,
‘akd dwbdrr ne rb‘ssdqhmf nudq sgd lnmnldqhb ok‘sd‘t+ vgdqd‘r sghr
ogdmnldmnm hr ‘ardms hm Sdk11 ’M‘+(- Sgdrd cheedqdmbdr hmchb‘sd
sg‘s sgd enql‘shnm ne dwonmdmsh‘kkx chrsqhatsdc ‘ffqdf‘sdr nardqudc
hm sgd J+ rnktshnm cndr mns nbbtq hm sgd oqdrdmbd ne M‘+- Hm
khfgs ne sgd BC qdrtksr+ sgd btqqdms ›mchmfr rtoonqs sgd gxonsgdrhr
‘bbnqchmf sn vghbg ‘msho‘q‘kkdk F3r onrrdrr ‘ knno fdnldsqx onsdm,
sh‘kkx kd‘chmf sn ghmcdqdc rs‘bjhmf hmsdq‘bshnmr adsvddm dwsqdl‘k
sdsq‘cr-27

Sn oqnuhcd ‘ pt‘mshs‘shud hmsdqoqds‘shnm ne sgd R@WR c‘s‘+ vd
cdudknodc ‘m DBF ›sshmf snnk b‘o‘akd ne hmbnqonq‘shmf bnmsqhat,
shnmr eqnl ltkshokd GB rta,tmhsr ’rdd Rdb- HH(- Sgd R@WR oqn›kdr
ne Sdk11 ’M‘+( ‘s B ± /-5 lL ‘mc B ± 0-1 lL bnmbdmsq‘shnmr vdqd
rtbbdrretkkx qdoqnctbdc trhmf ‘ lncdk bnloqhrhmf ‘ lhwstqd ne GB
lnmnldqr ‘mc chldqr Zrdd Dp- ’1(\+ sgtr rtffdrshmf ‘ vd‘j kdudk ne
rdke,‘rrdlakx- Sn hloqnud sgd rs‘ahkhsx ne sgd ›sshmf oqnbdctqd+ vd
rds sgd q‘chtr Q ‘mc kdmfsg K enq sgd GB rta,tmhsr ne chldqr dpt‘k sn
sgnrd ne sgd bnqqdronmchmf lnmnldqr- Hm ‘cchshnm+ sgd shkshmf ‘mfkd
α enqldc adsvddm sgd bdmsq‘k ‘wdr ne sgd svn GBr hm sgd chldq v‘r
rds sn ad dpt‘k sn 1/++ ‘bbnqchmf sn sgd qdrtksr eqnl ntq oqduhntr
vnqj nm Sdk11 ’J+(-13

Ld‘mvghkd+ sgd Sdk11 ’M‘+( r‘lokd ‘s B ± 3-4 lL bnmbdm,
sq‘shnm cdrdqudr o‘qshbtk‘q ‘ssdmshnm- @ b‘qdetk dw‘lhm‘shnm ne sgd
R@WR btqud ZEhf- 2’b(\ qdud‘kr ‘ rkhfgs cqno ne sgd rb‘ssdqdc hmsdmrhsx
adknv sgd lnmnldqhb ok‘sd‘t hm sgd knv,P qdfhnm- Sghr adg‘uhnq+
vghbg g‘r ‘kqd‘cx addm nardqudc hm ansg oqnsdhmr ‘mc mtbkdhb ‘bhcr+
hr qdk‘sdc sn sgd oqdrdmbd ne qdotkrhud hmsdq‘bshnmr adsvddm sgd rb‘s,
sdqhmf o‘qshbkdr-28fl30 Sgd bnqqdbsdc rsqtbstqd e‘bsnq R�P: ϕ+C( b‘m
ad ‘ooqnwhl‘sdkx qdsqhdudc ax chuhchmf sgd R@WR hmsdmrhsx ax sgd
Sdk11 lnmnldqhb enql e‘bsnq Zrdd Dp- ’2(\ ctd sn sgd e‘bs sg‘s sgd
chldqhb rodbhdr hr oqdrdms enq kdrr sg‘m 4$- @r rgnvm hm Ehf- R2+
vd rtbbdrretkkx cdrbqhadc sgd bnqqdbsdc rsqtbstqd e‘bsnq ax trhmf sgd
‘m‘kxshb‘k dwoqdrrhnm ROXP: ϕ+C( enq sgd OdqbtrflXduhbj ‘ooqnw,
hl‘shnm hm sgd b‘rd ne sgd g‘qc rogdqd onsdmsh‘k-28 Sgd dwbdkkdms
‘fqddldms adsvddm R�P: ϕ+C( ‘mc ROXP: ϕ+C( hr ‘ssqhatsdc sn sgd
e‘bs sg‘s sgd q‘shn ∣⟨ eP(⟩∣1/HlnmP( hr udqx bknrd sn 0 enq P u‘ktdr
adknv 0-4 ml−0-

Sgdqdenqd+ vd chqdbskx ‘m‘kxydc sgd R@WR btqud ne Sdk11 ’M‘+(
‘s B ± 3-4 lL bnmbdmsq‘shnm ax ltkshokxhmf sgd rb‘ssdqhmf hmsdmrhsx
ne sgd lnmnldqflchldq lhwstqd ax ROXP: ϕ+C(+ ‘r hm Dp- ’2(- Sgd
b‘qsnnm qdoqdrdms‘shnmr ne sgd lncdk enq sgd r‘lokdr ‘s+ qdrodbshudkx+
B ± /-5 lL+ B ± 0-1 lL+ ‘mc B ± 3-4 lL bnmbdmsq‘shnmr ‘qd rgnvm
hm Ehfr- 3’‘(fl3’b(+ qdrodbshudkx+ ‘knmf vhsg sgd R@WR btqudr ‘mc sgd
adrs ›sr trhmf Dpr- ’1( ‘mc ’2(-

Sgd u‘ktdr ne Q+ K+ ‘mc elnm qdrtkshmf eqnl sgd ›sr ‘qd qdonqsdc
hm S‘akd H- Sgd F3 lnmnldqhb rta,tmhsr ‘qd entmc sn g‘ud ‘ooqnw,
hl‘sdkx sgd r‘ld chldmrhnmr enq ‘kk sgd ld‘rtqdc r‘lokdr- Sgd
lhmnq bg‘mfdr hm sgdrd rsqtbstq‘k o‘q‘ldsdqr ‘qd bnmrhrsdms vhsg
sgd rl‘kk cheedqdmbdr ‘s sgd kdudk ne sgd rdbnmc‘qx rsqtbstqd qdud‘kdc
ax BC ld‘rtqdldmsr ’Ehf- 1(- Ld‘mvghkd+ sgd eq‘bshnm ne chldqr
echl rkhfgskx hmbqd‘rdr ’eqnl 1-/$ sn 3-/$( vhsg bnmbdmsq‘shnm- Sgd
oqdu‘kdms oqdrdmbd ne lnmnldqr hm ‘kk sgd Sdk11 ’M‘+( r‘lokdr v‘r
‘krn udqh›dc ax O@FD ld‘rtqdldmsr- Hm Ehf- R3+ vd rgnv sg‘s ‘s ‘kk
sgd bnmbdmsq‘shnmr+ nmkx nmd a‘mc+ bnqqdronmchmf sn sgd lnmnldq

EHF- 3- R@WR btqudr ne Sdk11 'M`�( `s '`( B = /-5 lL+ 'a( B = 0-1 lL+ `mc 'b(
B = 3-4 lL bnmbdmsq`shnmr+ `knmf vhsg sgd bnqqdronmchmf adrs DBF ›sr qdoqd,
rdmsdc+ qdrodbshudkx+ ax aktd+ fqddm+ `mc qdc khmdr- Rjdsbgdr qdoqdrdmshmf sgd ›sshmf
lncdk `qd `krn qdonqsdc-
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S@AKD H- O`q`ldsdqr dwsq`bsdc eqnl sgd DBF ›sr- Sgd `mfkd α adsvddm sgd bdmsq`k
`wdr ne sgd svn GBr hm sgd chldq v`r ›wdc sn 1/+ `mc echl = 0 � elnm-

B ’lL( Q ’ml( K ’ml( elnm ’$( echl ’$(

/-5 0-/3 ± /-/0 2-07 ± /-/4 87-/ ± /-4 1-/ ± /-4
0-1 0-/2 ± /-/0 2-18 ± /-/0 85-7 ± /-4 2-1 ± /-4
3-4 0-/5 ± /-/0 2-11 ± /-/0 85-/ ± /-2 3-/ ± /-2

rodbhdr+ hr bkd‘qkx uhrhakd- Sghr qdrtks etqsgdq ghfgkhfgsr sgd cheedqdmbd
vhsg sgd b‘rd ne sgd Sdk11 ’J+( rxrsdl+ vgdqd sgd ‘udq‘fd mtladq ne
rs‘bjdc tmhsr v‘r entmc sn khd hm sgd q‘mfd 0-83fl2-20-13 Sgd hlonq,
s‘mbd ne ‘ gxaqhc.o‘q‘kkdk snonknfx sn oqnlnsd ltkshldqhy‘shnm hr
‘krn rtoonqsdc ax sgd e‘bs sg‘s sgd cheedqdmbd hm BC rodbsq‘ adsvddm
sgd 3-4 lL r‘lokd ‘mc sgd Sdk11 ’M‘+( lnmnldq+ vghbg hr qdk‘sdc
sn sgd chldqhb eq‘bshnm+ stqmr nts sn ad bnmrhrsdms vhsg ‘ gxaqhc,khjd
enkc ’rdd Ehf- R4(- @r enq Sdk11 ’M‘+( ‘s B ± 3-4 lL+ sgd o‘qshbkd unk,
tld eq‘bshnm ϕ ‘mc sgd g‘qc rogdqd ch‘ldsdq C ‘rrnbh‘sdc vhsg sgd
rsqtbstqd e‘bsnq ROXP: ϕ+C( vdqd ‘krn cdsdqlhmdc- Eqnl sgd ›sshmf
oqnbdctqd+ vd nas‘hmdc sgd u‘ktdr C ± 4-50 ± /-/3 ml ‘mc ϕ ± 2-8/
± /-/1$+ sgd k‘ssdq adhmf hm ‘fqddldms vhsg sgd lnk‘q bnmbdmsq‘shnm
ne sgd r‘lokd ’rdd Rdb- HH ne sgd rtookdldms‘qx l‘sdqh‘k(-

Sgd ‘anud,ldmshnmdc qdrtksr b‘m ad hmsdqoqdsdc hm khfgs ne
rnld hmrhfgsr- Sgd ‘rrdlakx oqnbdrr ne F3 lnmnldqr hr fnudqmdc
ax sgd cdkhb‘sd a‘k‘mbd adsvddm sgd qdotkrhud dkdbsqnrs‘shb hmsdq,
‘bshnm qdrtkshmf eqnl sgd mdf‘shud bg‘qfd ne ognrog‘sd fqntor hm
sgdhq a‘bjanmd ‘mc sgd oqdrdmbd ne bntmsdqhnmr+ vghbg b‘m deedb,
shudkx rbqddm sgdrd Bntknlahb enqbdr- Hm ‘cchshnm+ CM@ bnmbdm,
sq‘shnm ok‘xr ‘ rhfmh›b‘ms qnkd+ ‘r sgd sq‘cd,nee adsvddm rbqddm,
hmf chrs‘mbdr ‘mc hmsdq,o‘qshbkd rdo‘q‘shnm vhkk cdsdqlhmd vgdsgdq
qdotkrhud+ ‘ssq‘bshud+ nq mn hmsdq‘bshnmr nbbtq-30 Hm sgd oqdrdms b‘rd+
sgd bntmsdqhnm bnmbdmsq‘shnm+ ‘mc gdmbd sgd hnmhb rsqdmfsg ne sgd
ateedq+ hr qdk‘shudkx ghfg: sgtr+ ‘m de›bhdms rbqddmhmf ne sgd a‘bjanmd
bg‘qfdr hr dwodbsdc- Mdudqsgdkdrr+ R@WR rstchdr nm sgd dmc,sn,dmc
‘ssq‘bshnm adsvddm rgnqs CM@ rtffdrs sg‘s sgd oqdrdmbd ne S knnor
hlodchmf rs‘bjhmf hmsdq‘bshnmr kd‘cr sn sgd odqrhrsdmbd ne qdotkrhud
enqbdr to sn ghfg hnmhb rsqdmfsgr-3/+31 Sghr nardqu‘shnm+ bnlahmdc
vhsg sgd BC qdrtksr+ rtffdrsr sg‘s sgd odbtkh‘q knno fdnldsqx ne
sgd ‘msho‘q‘kkdk snonknfx ’m‘ldkx+ sgd oqdrdmbd ne ch‘fnm‘k knnor(
chrbntq‘fdr rs‘bjhmf ‘ssq‘bshnm ats ‘krn qdrtksr hm mnm,mdfkhfhakd
qdotkrhud hmsdq‘bshnmr ‘s ghfg CM@ bnmbdmsq‘shnmr- Sgdqdenqd+ fhudm
sgd vd‘j ‘ssq‘bshud lnmnldqfllnmnldq hmsdq‘bshnm vhsmdrrdc ax
sgd rl‘kk ‘lntms ne sgd chldqhb eq‘bshnm+ nmd b‘m rodbtk‘sd sg‘s
dwbktcdc unktld deedbsr bntkc ad sgd l‘hm rntqbd ne sgd nardqudc
hmsdq,o‘qshbkd qdotkrhnm+ bnmrhrsdms vhsg sgd g‘qc rogdqd onsdmsh‘k
‘ooqnwhl‘shnm-28

IV# BONBLUSIONS
Ntq qdrtksr rgnv sg‘s sgd rdke,‘rrdlakx sgqntfg rs‘bjhmf hmsdq,

‘bshnmr ne ‘msho‘q‘kkdk F3r enqldc ax sgd Sdk11 rdptdmbd hm M‘+

rnktshnm hr ghmcdqdc to sn lhkkhlnk‘q CM@ bnmbdmsq‘shnmr- Ax ‘m‘,
kxyhmf sgd R@WR oqn›kdr ne sgd hmudrshf‘sdc r‘lokdr trhmf ntq DBF
›sshmf snnk+ vd entmc sg‘s nmkx ‘ rl‘kk eq‘bshnm ne F3 chldqr
hr enqldc tmcdq sgd hmudrshf‘sdc bnmchshnmr+ vhsg qdotkrhud hmsdq,
‘bshnmr etqsgdq khlhshmf ‘ffqdf‘shnm ‘s ghfgdq bnmbdmsq‘shnmr- Hm
bnmsq‘rs+ ntq oqduhntr vnqj cdlnmrsq‘sdc sg‘s sgd o‘q‘kkdk.gxaqhc

snonknfhdr ‘qd ‘akd sn oqnlnsd sgd enql‘shnm ne Sdk11 ‘ffqdf‘sdr
tmcdq sgd r‘ld rdke,bqnvchmf bnmchshnmr-13 Sgd oqdrdms ›mchmfr
oqnuhcd u‘kt‘akd hmrhfgsr hmsn sgd rdke,‘rrdlakx ne rgnqs rdfldmsr
ne sdknldqhb rdptdmbdr+ ‘r lnctk‘sdc ax snonknfx+ hnmhb rsqdmfsg+
‘mc CM@ bnmbdmsq‘shnm- Sghr jhmc ne jmnvkdcfd l‘x oqnentmckx
hlo‘bs sgd cdrhfm ne m‘mnldsqhb cduhbdr ‘mc rb‘eenkcr trhmf CM@
F3 ‘r athkchmf aknbjr-

SUŒŒLEMENT�RX M�TERI�L

Sgd rtookdldms‘qx l‘sdqh‘k bnms‘hmr sgd bnlo‘qhrnm ne R@WR
lnmnldqr+ Sdk11 ’M‘+( ‘s B ± 3-4 lL+ O@FD+ drshl‘sd ne sgd
BC bnlonmdms ne sgd chldqhb eq‘bshnm+ ‘mc rtll‘qx ne sgd ›sshmf
o‘q‘ldsdqr-
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shld ‘kknb‘shnm ’Oqnonr‘k Mn- LW,1387( CNH 0/-04040.DRQE,DR,
0007562/22-

Sghr otakhb‘shnm v‘r rtoonqsdc ax sgd B‘qDRR oqnidbs+ C-Q- Mn-
486+ eqnl sgd Tmhudqrhsä cdfkh Rstch ch Odqtfh‘-

Sghr vnqj g‘r addm etmcdc ax sgd Dtqnod‘m Tmhnmˇ
MdwsFdmdq‘shnmDT tmcdq sgd Hs‘kh‘m Lhmhrsqx ne Tmhudqrhsx ‘mc
Qdrd‘qbg ’LTQ( M‘shnm‘k Hmmnu‘shnm Dbnrxrsdl Fq‘ms Mnr-
DBR//////30ˇUHS@KHSXˇBTO A32B11///36///4 ‘mc BTO
I86F11///06///4- U-K-+ @-O-+ ‘mc K-B- ‘bjmnvkdcfd Tmhudqrhsä cdfkh
Rstch ch Odqtfh‘ ‘mc LTQ enq rtoonqs vhsghm sgd oqnidbs Uhs‘khsx-
@-O-+ B-C-L-+ ‘mc K-A- qdbdhudc rtoonqs eqnlMn- OQHM1/11RO27OR-

�UTHOR DEBL�R�TIONS
Bñnibß ñf Inßeqesß

Sgd ‘tsgnqr g‘ud mn bnmfihbsr sn chrbknrd-

�ußhñq Bñnßqibußiñns

Ktb‘ Adqshmh9 C‘s‘ btq‘shnm ’dpt‘k(: Hmudrshf‘shnm ’dpt‘k(: Vqhshmf
fl nqhfhm‘k cq‘es ’dpt‘k(- U‘kdqh‘ Khadq‘9 Hmudrshf‘shnm ’rtoonqshmf(:
Vqhshmf fl nqhfhm‘k cq‘es ’rtoonqshmf(- R‘q‘ B‘s‘khmh9 Hmudrshf‘shnm
’rtoonqshmf(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(- Fhnqfhn Rbghqö9
Hmudrshf‘shnm ’rtoonqshmf(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(-
@mcqd‘ Nqdbbghmh9 Vqhshmf fl qduhdv % dchshmf ’dpt‘k(-Qdmyn B‘l,
o‘mdkk‘9 Vqhshmf fl qduhdv % dchshmf ’dpt‘k(- U‘kdmshm‘ @qbhtnkn9
Hmudrshf‘shnm ’dpt‘k(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(- Aqtmn
O‘f‘mn9 Hmudrshf‘shnm ’dpt‘k(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(-
B‘sdqhm‘ Odsqhkkn9 Etmchmf ‘bpthrhshnm ’dpt‘k(: Vqhshmf fl qduhdv %
dchshmf ’dpt‘k(- Bqhrsh‘mn Cd Lhbgdkd9 Hmudrshf‘shnm ’dpt‘k(: Vqhs,
hmf fl qduhdv % dchshmf ’dpt‘k(- Ktbh‘ Bnldy9 Hmudrshf‘shnm ’dpt‘k(:
Rtodquhrhnm ’dpt‘k(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(- @kdrr‘mcqn
O‘bh‘qnmh9 Bnmbdost‘khy‘shnm ’dpt‘k(: Etmchmf ‘bpthrhshnm ’kd‘c(:
Hmudrshf‘shnm ’kd‘c(: Ldsgncnknfx ’dpt‘k(: Vqhshmf fl nqhfhm‘k cq‘es
’dpt‘k(: Vqhshmf fl qduhdv % dchshmf ’kd‘c(-

D�T� �V�IL�BILITX
Sgd c‘s‘ sg‘s rtoonqs sgd ›mchmfr ne sghr rstcx ‘qd ‘u‘hk‘akd

vhsghm sgd ‘qshbkd ‘mc hsr rtookdldms‘qx l‘sdqh‘k-
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