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Antmshmf :kk Ognsnmr/ Dflbhdms LoshlhyVshnm ne Uhrhakd Khfgs
3C Oqhmshmf

Kvmm L, Rsdudmr* DkhyZadsg /, Pdbidp* Jduhm /, Vgnt* Thmbdms F, FZpbhZ* Jdkcv R, LZrnm*
Bknshkcd SZfmnm* MZvdpZ /acdkZyhy* Zmc VZbgZphZg /, NZfd 

Sgd tshkhsx ne uhrhakd khfgs enq 3C oqhmshmf gVr hmbqdVrdc hm qdbdms xdVqr nvhmf
sn hsr Vbbdrrhahkhsx Vmc qdctbdc lVsdqhVkr hmsdqVbshnmr) rtbg Vr rbVssdqhmf Vmc
Varnqoshnm.cdfqVcVshnm) qdkVshud sn sqVchshnmVk TU khfgs,aVrdc oqnbdrrdr-
Fnvdudq) ognsnrxrsdlr sgVs qdVbs dflbhdmskx vhsg uhrhakd khfgs nesdm qdpthqd
ltkshokd lnkdbtkVq bnlonmdmsr Vmc gVud rsqnmf Vmc chudqrd Varnqoshnm
oqnzkdr) hmbqdVrhmf sgd bnlokdwhsx ne enqltkVshnm Vmc oqhmshmf noshlhyVshnm-
Fdqdhm) V rsqdVlkhmdc ldsgnc sn rdkdbs Vmc noshlhyd uhrhakd khfgs 3C oqhmshmf
bnmchshnmr hr cdrbqhadc- Ehqrs) fqddm khfgs khpthc bqxrsVk chrokVx ’KAC( 3C
oqhmshmf trhmf V mnudk qdrhm hr noshlhydc sgqntfg sqVchshnmVk dlohqhbVk
ldsgncr) vghbg hmunkudr qdrhm bnlonmdms rdkdbshnm) rodbsqnrbnohb
bgVqVbsdqhyVshnm) shld,hmsdmrhud 3C oqhmshmf tmcdq rdudqVk chffdqdms
bnmchshnmr) Vmc ldVrtqdldmsr ne chldmrhnmVk VbbtqVbx enq dVbg oqhmsdc
naidbs- Rtardptdms VmVkxshbVk ptVmshzbVshnm ne cxmVlhb ognsnm Varnqoshnm
ctqhmf fqddm khfgs onkxldqhyVshnmr tmudhkr qdkVshnmrghor sn btqd cdosg sgVs
dmVakdr eVbhkd qdrhm Vmc 3C oqhmshmf noshlhyVshnm trhmf V lncdk sgVs hr V
lnchzbVshnm sn sgd IVbna r dptVshnm sqVchshnmVkkx trdc enq rsdqdnkhsgnfqVoghb
3C oqhmshmf- Sgd VooqnVbg Vmc lncdk Vqd sgdm uVkhcVsdc trhmf V chrshmbs fqddm
khfgs,VbshuVsdc qdrhm enq svn sxodr ne oqnidbshnm,aVrdc 3C oqhmshmf-

1- Hmsqnctbshnm

;cchshud l]mte]bstqhmf ’—C oqhmshmf( g]r dmsdqdc hmctrsqh]k*
]b]cdlhb* ]mc bnmrtldq rdbsnqr* ctd sn sgd bnlahm]shnm ne ghfg
roddc* l]sdqh]k udqr]shkhsx* ]mc fdnldsqhb oqdbhrhnm qdk]shud sn
bnmudmshnm]k rtasq]bshud l]mte]bstqhmf ]mc hmidbshnm lnkchmf
oqnbdrrdr-Y1fl—[ ;ksgntfg hloqdrrhud ]cu]mbdldmsr hm —C oqhms,
hmf sdbgmnknfx g]ud addm l]cd hm qdbdms xd]qr* ] mtladq ne
noonqstmhshdr qdl]hm sn etqsgdq dwo]mc sgd q]mfd ne oqhms]akd
l]sdqh]kr ’d-f-* bnlonrhsdr ]mc ahnl]sdqh]kr(* vghkd rhltks]md,
ntrkx noshlhyhmf oqnctbshnm q]sd ]mc ed]stqd qdrnktshnm ]s ]m
]ffnqc]akd oqhbd- Sn sghr dmc* u]s ognsnonkxldqhy]shnm qdoqdrdmsr
nmd ne sgd lnrs lnctk]q —C oqhmshmf sdbgmhptdr-
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Hm u]s ognsnonkxldqhy]shnm* q]ohc rn,
khch“b]shnm ne ] khpthc qdrhm nbbtqr tonm
dwonrtqd sn khfgs ’h-d-* ognsnbtqhmf( hm
rodbh“b* oqdcd“mdc knb]shnmr*Y4*5 [ qdbnm,
rsqtbshmf bnlotsdq,fdmdq]sdc —C naidbsr
hm ] k]xdq,ax,k]xdq e]rghnm- ;ksgntfg che,
edqdms noshb]k dwonrtqd ldbg]mhrlr dw,
hrs* eqnl onhms,ax,onhms k]rdq q]rsdqhmf
enq rsdqdnkhsgnfq]ogx ’RJ;( sn 2C oqn,
idbshnm enq chfhs]k khfgs oqnbdrrhmf ’CJO(
]mc khpthc bqxrs]k chrok]x ’JBC( sdbg,
mnknfx* sgdx rg]qd ] bnllnm tshkhsx ne
ghfg dmdqfx TU sn uhnkds khfgs ’µ405
ml( sn ]bghdud q]ohc btqhmf-Y6fl8 [ Gnv,
dudq* qdkh]mbd nm TU,uhnkds khfgs khlhsr
qdrhm bnlonmdmsr sn sgnrd vhsg lhmhl]k
hmsdq]bshnmr hm sg]s rodbsq]k qdfhnm* vgdqd
lnkdbtk]q ]arnqoshnm ]mc rb]ssdqhmf ]qd
odqu]rhud-Y9fl12 [ Etqsgdqlnqd* JBCr ]qd
c]l]fdc ax oqnknmfdcTU khfgs dwonrtqd
’.400 ml(* l]jhmf uhrhakd khfgs btqhmf
o]qshbtk]qkx ]ssq]bshud enq JBC —C oqhms,
hmf ’ geriF u;(* vghbg hr nmd ne sgd kd]rs
dwodmrhud ]mclnrs rb]k]akd sdbgmnknfhdr
’h-d-* k]qfd athkc ]qd]r(-Y1—*14 [

Enq TU,uhnkds ’µ420 ml( khfgs* Sxod H ognsnbtqhmf cnlhm]sdr*
vgdqd khfgs ]arnqoshnm ]mc onkxldqhy]shnm hmhsh]shnm nbbtqr
ax ] rhmfkd lnkdbtkd ’ognsnhmhsh]snq(-Y15 [ Bnmudqrdkx* uhrhakd
khfgs,a]rdc —C oqhmshmf ]s v]udkdmfsgr knmfdq sg]m ≈450 ml
’aktd( mdbdrrhs]sdr sgd trd ne ] ltkshbnlonmdms ognsnrxrsdl
sg]s nodq]sdr ax ] rn,b]kkdc Sxod HH ldbg]mhrl-Y16fl18 [ Sxod HH
qdkhdr nm chrshmbs lnkdbtkdr enq ]arnqoshnm ’cxd( ]mc hmhsh]shnm
’hmhsh]snq(- Sghr ]qhrdr eqnl sgd qdpthqdldms enq ] rxlldsqx enq,
ahccdm ghfg,dmdqfx l 𝜋) sq]mrhshnm ax TU,uhnkds khfgs sn b]trd
anmc rbhrrhnm ]mc q]chb]k enql]shnm ’Sxod H(* vghkd knv,dmdqfx
uhrhakd,sn,md]q hmeq]qdc ’MHP( ognsnmr b]trd 𝜋 𝜋) sq]mrhshnmr
]mc cn mns sxohb]kkx aqd]j anmcr- Hmrsd]c* cxd dwbhs]shnm uh] 𝜋

𝜋) enkknvdc ax dkdbsqnm sq]mredq ’qdcnw( adsvddm sgd cxd ]mc
hmhsh]snq lnkdbtkdr e]bhkhs]sdr q]chb]k enql]shnm ]mc btqhmf ’Sxod
HH*  geriF 2;(- ; bnllnm bnmrdptdmbd ne rxlldsqx,]kknvdc
dwbhs]shnm uh] 𝜋 𝜋) sq]mrhshnmr hr ] k]qfd lnk]q ]arnqoshuhsx
’≈50 000,200 000 L 1 bl 1( qdk]shud sn l 𝜋) ’.10 000 L 1

bl 1(* vghbg hmbqd]rdr sgd khjdkhgnnc ne qdcnw nbbtqqhmf odq
hmbhcdms uhrhakd ognsnm- Cdrohsd sghr* sgd ahlnkdbtk]q m]stqd ne
Sxod HH ognsnrxrsdlr nesdm qdrtksr hm rknvdq ognsnbtqhmf qdk]shud
sn Sxod H ognsnrxrsdlr* oqdbktchmf hsr vhcdroqd]c hlokdldm,
s]shnm hm q]ohc oqnidbshnm,a]rdc —C oqhmshmf ’d-f-* CJO ]mc
JBC(-
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Ehftqd 1- Nudquhdv ne KBC 3C oqhmshmf oqnsnbnk ]mc noshlhy]shnm- @( Qdm,
cdqhmf ne ltkshvdkk* fqddm KDC bnms]hmhmf KBC 3C oqhmsdq ]mc A( nudquhdv
ne sgd o]q]ldsdqr sg]s hmfitdmbd qdrnktshnm ]mc rkhbd dwonrtqd shld chr,
btrrdc gdqdhm-

Pdbdmskx* vd chrbnudqdc sgqdd,bnlonmdms ’Sxod HH( ognsnrxr,
sdlr ]mc nwxfdm rb]udmfhmf ]cchshudr sg]s dm]akdc q]ohc ’athkc
roddcr ]s ——fl45 ll gq 1(* uhrhakd sn MHP ’𝜆l]w ± 470 fl 850
ml: hmsdmrhsx* E ≈ 2fl5lV bl 2(* ghfg qdrnktshnm ’.100  l k]s,
dq]k: 25  l udqshb]k( CJO —C oqhmshmf tmcdq ]lahdms bnmchshnmr*
bnlodshshud vhsg bnlldqbh]kkx ]u]hk]akd TU,uhnkds khfgs ’Sxod H(
btqhmf-Y19fl22 [ Sgd cdrhqd sn sq]mrk]sd uhrhakd khfgs qd]bshud qdrhmr
sn JBC —C oqhmshmf ]mc rhltks]mdntrkx e]bhkhs]sd qdrhm chudqrh,
“b]shnm enq ] vhcdq l]sdqh]k rbnod lnshu]sdc ] l]sgdl]shb]k ]o,
oqn]bg sn hcdmshex dwonrtqd bnmchshnmr enq noshl]k roddc ]mc qdr,
nktshnm- Hm sghr qdf]qc* sgd I]bna%r dpt]shnm g]r rdqudc ]r ] rs]m,
c]qc lncdk sn oqdchbs dwonrtqd shld odq k]xdq enq u]s ognsnonkx,
ldqhy]shnm —C oqhmshmf ’Dpt]shnm 1(Y2—[/

Ac ± Co km


D
Db


’1(

vgdqd btqd cdosg ’Ac( hr qdk]sdc sn sgd cdosg ne khfgs odmdsq]shnm
hmsn sgd qdrhm ’Co( fl cd“mdc ]r sgd cdosg ]s vghbg sgd hmbhcdms
hqq]ch]mbd ’E0( nm sgd qdrhm cdbqd]rdr sn —7 ne hsr hmhsh]k u]ktd
fl sgd dmdqfx cnr]fd ne khfgs enq ] fhudm k]xdq ’D(* ]mc sgd bqhshb]k
dmdqfx cnrd ne khfgs sn enql ]m hm“mhsdrhl]kkx rl]kk fdk ’Db(- Enq
bnmudmshnm]k Sxod H ognsnbtqhmf hm RJ; rxrsdlr* sghr lncdk g]r

Ehftqd 2- Qdrhm bnlonrhshnm ]mc qdkdu]ms rodbsq]k oqn“kdr- @( Bgdlh,
b]k rsqtbstqdr ne bqnrrkhmidqr* ognsnrxrsdl bnlonmdmsr ’DX ± 0-é vs-#*
GMt,254 ± 2 vs-#* Anq]sd T ± 0-2 vs-#(* ]mc rs]ahkhydq ’0-0évs-#(*
]knmf vhsg ] fdmdq]k Sxod HH OQB ognsnonkxldqhy]shnm ldbg]mhrl- A(
Nudqk]x ne DX ]arnqa]mbd oqn“kd* nas]hmdc hm SDFC@/ODSLO qdrhm* vhsg
oqhmsdq fqddm KDC oqn“kd: nudqk]oohmf ]qd] rg]cdc hm fqddm ]mc hmrds
uh]kr rgnvhmf oqd, ’sno( ]mc onrs, ’anssnl( fqddm KDC dwonrtqd- B( Nudq,
k]x ne Nhk Qdc N* no]pthmf ]fdms ’N@(* ]arnqa]mbd oqn“kd* nas]hmdc hm
SDFC@.ODSLO qdrhm* vhsg oqhmsdq fqddm KDC oqn“kd ’kdes( ]mc bgdlhb]k
rsqtbstqd ne N@ ’qhfgs(-

addm rgnvm ]r ] trdetk rsq]sdfx sn noshlhyd dwodqhldms]k oqhms,
hmf bnmchshnmr ’dwonrtqd shld odq k]xdq(- Gnvdudq* sgd I]bna%r
dpt]shnm cndr mns bnmrhcdq zghfgdq,nqcdq– dffdbsr hmbktchmf no,
shb]k rdke,enbtrhmf* qdrhm akd]bghmf* gd]shmf* ]mc rb]ssdqhmf*Y24*25 [

vghbg ]qd jmnvm sn hmfitdmbd qdrnktshnm ’Ehftqd 1A(-Y2—[ Hm stqm*
qdrd]qbgdqr g]ud otqrtdc lnch“b]shnmr sn sgd I]bna%r dpt]shnm
sn ]bbntms enq zrtakhmd]q– adg]uhnq hm RJ; qdrhmr ctd sn nwxfdm
hmghahshnm ]lnmf nsgdq e]bsnqr-Y26 [ Gnvdudq* ] vnqjhmf btqud g]r
mns dwokhbhskx addm cdudknodc enq Sxod HH u]s ognsnonkxldqhy]shnm
qdrhmr* oqdrdmshmf ]m noonqstmhsx enq noshlhy]shnm ne uhrhakd khfgs
—C oqhmshmf-
Gdqdhm* fqddm khfgs JBC —C oqhmshmf v]r cdlnmrsq]sdc enq sgd

“qrs shld* ]knmf vhsg ] rxrsdl]shb dw]lhm]shnm ne ghfgdq,nqcdq
dffdbsr nm qdrnktshnm* oqnuhchmf ] rsqd]lkhmdc ldsgnc ]mc lnc,
h“dc I]bna%r dpt]shnm* sdqldc sgd PdbjdqflI]bna%r dpt]shnm* enq
cdsdqlhmhmf hcd]k oqhmshmf bnmchshnmr- Sghr v]r ]bbnlokhrgdc
trhmf ] lncdk Sxod HH ognsnrxrsdl* ] btrsnl JBC —C oqhmsdq
dpthoodc vhsg ] ltkshvdkk u]s ’Ehftqd 1;(* Entqhdq sq]mrenql
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hmeq]qdc ]mc TU,uhrhakd ]arnqoshnm rodbsqnrbnohdr sn lnmhsnq
ognsn,onkxldqhy]shnm ]mc akd]bghmf jhmdshbr* ognsnqgdnknfx sn
dwodqhldms]kkx cdsdqlhmd fdk onhmsr ’Db(* noshb]k oqn“knldsqx*
rb]mmhmf dkdbsqnmlhbqnrbnox ’RDL(* ]mc bnlotsdc snlnfq]ogx
’BS( rb]mmhmf sn bg]q]bsdqhyd o]qs qdrnktshnm- Ehm]kkx* sgd tshkhsx
ne sgd Pdbjdq,I]bna%r dpt]shnm sn oqdchbs noshl]k oqhmshmf bnmch,
shnmr v]r u]khc]sdc trhmf ] mnudk fqddm,khfgs rdmrhshud qdrhm bnl,
onrhshnm-

2- Pdrtksr Vmc Chrbtrrhnm

; lncdk Sxod HH ognsnrxrsdl ]bshu]sdc ax ] fqddm JDC
’𝜆l]w ± 525 ml( v]r hmhsh]kkx cdudknodc enq —C oqhmshmf
vhsg ] btrsnl JBC rxrsdl- Sgd qdrhm bnloqhrdc sdsq]dsgx,
kdmd fkxbnk ch]bqxk]sd ’SDFC;* 99 vs- ( ]r ]m ]loghoghkhb
bqnrrkhmjdq sn e]bhkhs]sd rnktahkhsx ne ognsnrxrsdl bnlonmdmsr*
odms]dqxsgqhsnk sdsq]jhr’—,ldqb]osnoqnohnm]sd( ’ODSLO* 1 vs- (
sn dm]akd —C oqhmshmf hm sgd oqdrdmbd ne nwxfdm ’oqduhntrkx
qdonqsdc(*Y21 [ ]mc 2*2*6*6,sdsq]ldsgxkohodqhchmd 1,nwxk ’SDLON*
0-005 vs- ( ]r ] q]chb]k rb]udmfdq sn hloqnud qdrhm rs],
ahkhsx ]mc lhshf]sd btqhmf ntsrhcd hqq]ch]shnm ynmdr ’Ehf,
tqd 2;* Ehftqd R1* ]mc S]akdr R1 ]mc R2* Rtoonqshmf Hmenq,
l]shnm(- Sn ]bghdud q]ohc ognsnbtqhmf* sgd ognsnrxrsdl rd,
kdbsdc bnloqhrdc Y4,’nbsxknwx(ogdmxk[’ogdmxk(hncnmhtl gdw]fit,
nqn]mshlnm]sd ’GMt,254* 2 vs- ( ]mc 2,’atsxqxknwx(,M*M*M,
sqhldsgxkdsg]m,1,]lhmhtl atsxksqhogdmxkanq]sd ’Anq]sd U* 0-2
vs- ( ]r ] rsqnmf dkdbsqnm ]bbdosnq ’;( ]mc cnmnq ’C( o]hq*Y20fl22 [

qdrodbshudkx* ]mc Dnrhm W chrnchtl r]ks ’DW( ]r sgd ognsnqdcnw
b]s]kxrs ’OPB* 0-1 vs- (* ctd sn hsr ghfg lnk]q ]arnqoshuhsx ]mc
oqn“kd sg]s bknrdkx nudqk]oodc vhsg sgd fqddm JDC oqn“kd nm sgd
JBC —C oqhmsdq ’Ehftqd 2;*A(- ;arnqa]mbd ’-( ne DW chrrnkudc hm
sgd SDFC;/ODSLO ’99/1( qdrhmv]rld]rtqdc ]s sgd ok]mmdc hmh,
sh]k oqhmshmf bnmchshnmr a]rdc nm qdk]sdc oqdbdcdmsY21 [ ’0-1lnk *
bnmbdmsq]shnm* Y ± 1-6 lL(- Sghr v]r ]bbnlokhrgdc ax o]rrhmf
] TU,uhr oqnad khfgs sgqntfg ] sghm rnktshnm ne sgd qdrhm r]mc,
vhbgdc adsvddm fk]rr rkhcdr vhsg ] cd“mdc f]o sghbjmdrr ’k( ne
25* —8* 51* 76* nq 102  l ’rdd Rdbshnm 2-2- hm sgd RH enq etqsgdq cd,
s]hkr(- Tmcdq sgdrd bnmchshnmr* sgd od]j ]arnqoshnm ’𝜆l]w( enq DW
v]r 5—0 ml* fhuhmf ] od]j lnk]q ]arnqoshuhsx ’ ( ne 65 600 L 1

bl 1 ’Ehftqd 2A* Ehftqd R5* S]akd R—* Rtoonqshmf Hmenql]shnm(
]r cdsdqlhmdc trhmf sgd AddqflJ]ladqs J]v ’Dpt]shnm 2(/

- ± k𝜀Y ’2(

Mdws* sgqdd ]yn,cxdr vdqd dw]lhmdc fl Rtc]m H* Nhk Pdc N* ]mc
Rtc]m Ak]bj fl sn rdqud ]r no]pthmf ]fdmsr ’N;r( sg]s lhshf]sd
btqd,sgqntfg ax o]rrhudkx ]ssdmt]shmf khfgs hm sgd y,chqdbshnm* ]mc
hcd]kkx bnm“md sgd cdosg ne btqd sn ] ≈rhmfkd k]xdq- Enq bk]qhsx*
sgd chrbtrrhnm enbtrdr nm sgd trd ne Nhk Pdc N fhudm hsr noshl]k
]arnqoshnm nudqk]o vhsg ansg DW ]arnqoshnm ]mc JDC dlhrrhnm
oqn“kdr ’Ehftqd 2B* rdd RH Rdbshnm —-1- enq ]cchshnm]k cds]hkr nm
]ksdqm]shud N;r(- ;r ]m hmhsh]k rbqddm* sghr ognsnqdcnw rxrsdl ’hm
sgd ]ardmbd ne N;( v]r rgnvm sn q]ohckx btqd vgdm dwonrdc tm,
cdq ]lahdms bnmchshnmr sn fqddm khfgs ’≈525ml( ]s sgd ghfgdrs
oqhmsdq hmsdmrhsx nm sgd oqdrdms rxrsdl ’.10 r sn fdk]shnm ]s 6-4
lV bl 2( ’Ehftqd 2A* uh]k hmrds(-
Enqltk]shnm noshlhy]shnm v]r ]bbnlokhrgdc trhmf qd]k,shld

Entqhdq sq]mrenql hmeq]qdc rodbsqnrbnox ’PS,ESHP( sn bg]q]bsdq,
hyd sgd q]sd ne ]bqxk]sd bnmudqrhnm sn onkxldq ax lnmhsnqhmf sgd

chr]ood]q]mbd ne sgd B≐B rsqdsbg ]s —100 bl 1 ctqhmf hqq]ch]shnm
’ geriF 3;(-Y27 [ Sgd dffdbs ne fqddm khfgs hmsdmrhsx ]s sgd oqdcd,
“mdc oqhmsdq u]ktdr ne 1* 2-4* 4-4* ]mc 6-4lV bl 2 v]r entmc sn
chqdbskx bnqqdk]sd vhsg sgd ]oo]qdms q]sd ne onkxldqhy]shnm ’ho

]oo(
enq qdrhmr bnms]hmhmf mn N;* hmbqd]rhmf eqnl 10-1 + 0-9* 16-8 +
0-2* 22-4 + .0-1* sn 27-8 + 0-5 .r* qdrodbshudkx ’Ehftqd R1— ]mc
S]akd R4* Rtoonqshmf Hmenql]shnm(- Ne mnsd* fhudm ] rl]kk chffdq,
dmbd hm rodbsq]k ntsots adsvddm sgd JDCr nm sgd JBC —C oqhmsdq
]mc sgd JDCr trdc enq dwodqhldms]shnm* sgd hmsdmrhshdr enq sgd k]s,
sdq vdqd ]citrsdc sn 0-91* 2-25* 4-2—* ]mc 6-—0lV bl 2 sn l]sbg
sgd mtladq ne ognsnmr ]arnqadc ax sgd oqdrdms ognsnrxrsdl ’rdd
Rdbshnm —-4 hm sgd RH enq lnqd cds]hkr(- ;s d]bg hmsdmrhsx* sgd dffdbs
ne YN;[ nm ho

]oo v]r dw]lhmdc trhmf 0-0025* 0-005* 0-01* 0-015*
]mc 0-025 vs- N; qdk]shud sn bqnrrkhmjdq- Hs v]r entmc sg]s ]r
YN;[ hmbqd]rdc* ho

]oo cdbqd]rdc ’Ehftqd —;(- Ognsnqgdnknfx bnm,
“qldc sg]s tmcdq sgdrd bnmchshnmr q]ohc ognsnonkxldqhy]shnm
nbbtqr* vhsg fdk onhmsr q]mfhmf eqnl —-9,1—-6 r cdodmchmf nm
sgd khfgs hmsdmrhsx ]mc YN;[ trdc ’Ehftqd R—4flR—5 ]mc S]akd R8*
Rtoonqshmf Hmenql]shnm(- Nudq]kk* sgdrd btqhmf roddcr ]qd bnl,
o]shakd vhsg oqnidbshnm,a]rdc —C oqhmshmf ]mc bnlodshshud vhsg
hmctrsqx rs]mc]qcr* g]uhmf o]qshbtk]q tshkhsx hm JBC —C oqhmshmf
fhudm sgd nesdm,knv nodq]shmf hmsdmrhshdr ’.5lV bl 2(-
Oqhmshmf noshlhy]shnm v]r ]bbnlokhrgdc trhmf ] btrsnl ltk,

shvdkk u]s ]mc bnqqdronmchmf athkc ok]senql ’Ehftqd 1; ]mc Ehf,
tqd R4* Rtoonqshmf Hmenql]shnm(* vgdqd rhw chffdqdms qdrhm enq,
ltk]shnmr bntkc ad sdrsdc rhltks]mdntrkx- Ax sghr ldsgnc* ansg
k]sdq]k ’w*x( ]mc udqshb]k ’y( qdrnktshnm vdqd noshlhydc ax u]qx,
hmf khfgs hmsdmrhsx* YN;[* ]mc dwonrtqd shld odq 50  l k]xdq ’Ehf,
tqd —A*B(- Trhmf ] shld,a]rdc zqdrnktshnm oqhms– sg]s bnms]hmr
]qq]xr ne rl]kk rpt]qd ed]stqdr hs v]r pt]khs]shudkx cdsdqlhmdc
sg]s hmbqd]rhmf YN;[ eqnl 0 sn 0-025 vs- hloqnudc qdrnktshnm*
ats ]s sgd bnrs ne knmfdq dwonrtqd shldr ’Ehftqdr R—6* Rtoonqs,
hmf Hmenql]shnm(- Mns]akx* qdoqnctbhakd oqhmshmf ]s YN;[%r<0-025
vs- v]r bg]kkdmfhmf* khjdkx ctd sn k]qfd khfgs ]ssdmt]shnm* lhsh,
f]shmf ] bnlokdsd btqd sgqntfg sgd cdosg ne ] rhmfkd k]xdq ’50  l(
’Ehftqd R—7* Rtoonqshmf Hmenql]shnm(- A]rdc nm sgdrd “mchmfr*
sn pt]mshs]shudkx cdsdqlhmd sgd dffdbs ne khfgs hmsdmrhsx nm k]sdq]k
qdrnktshnm qdrhmr bnms]hmhmf 0-025 vs- N; vdqd dloknxdc sn
—C oqhms rpt]qd odfr vhsg u]qxhmf chldmrhnmr eqnl svn ohwdkr
’100  l( sn —2 ohwdkr ’1600  l( vhcd ]s sgd entq chffdqdms khfgs
hmsdmrhshdr vghkd l]hms]hmhmf ] khfgs cnr]fd ne —5 lI ax u]qxhmf
dwonrtqd shldr eqnl 5-5 sn —5 r.50  l k]xdq hm fnhmf eqnl 6-4 sn
1 lV bl 2* qdrodbshudkx ’Ehftqd —A* Ehftqd R—8* ]mc S]akd R9*
Rtoonqshmf Hmenql]shnm(- Bg]q]bsdqhyhmf sgd sno rtqe]bd ]qd] ne
d]bg —2,* 16,* ]mc 8,ohwdk vhcd rpt]qd trhmf noshb]k oqn“knldsqx
]mc bnlo]qhmf sn sgdnqdshb]k u]ktdr qdud]kdc ] <2= cdbqd]rd hm
odqbdms nudq,btqd enq oqhmsr oqdo]qdc trhmf 6-4lVbl 2 qdk]shud
sn sgnrd trhmf 1lV bl 2 ’Ehftqdr R—9,R42* S]akdr R10,R12* ]mc
Dpt]shnm R1* Rtoonqshmf Hmenql]shnm(- Sgd hloqnudldms hm k]s,
dq]k qdrnktshnm vgdm trhmf ghfgdq khfgs hmsdmrhshdr v]r gxonsg,
drhydc sn ]qhrd hm,o]qs eqnl e]rsdq btqhmf ]mc* hm,stqm* qdctbdc
lhwhmf ’h-d-* aktqqhmf( ]s sgd hmsdqe]bd-
Vhsg ]m noshl]k khfgs hmsdmrhsx ne 6-4 lV bl 2* sgd dffdbs

ne YN;[ ]mc dwonrtqd shld odq k]xdq nm y,qdrnktshnm ’h-d-* zbtqd,
sgqntfg–( v]r pt]msh“dc trhmf ] —C oqhms bnms]hmhmf aqhcfdr
vhsg gnqhynms]k rdbshnmr g]uhmf ] sgdnqdshb]k sghbjmdrr ne 750  l
’h-d-* 15 k]xdqr( ’Ehftqd —B ]mc Ehftqdr R4—,R44* Rtoonqshmf Hm,
enql]shnm(- Udqshb]k btqd,sgqntfg nm sgd gnqhynms]k rdbshnmr v]r
chqdbskx ld]rtqdc trhmf noshb]k oqn“knldsqx- Vhsgnts N;* sgd
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Ehftqd 3- Dlohqhb]k noshlhy]shnm ne k]sdq]k ]mc udqshb]k qdrnktshnm ax u]qxhmf khfgs hmsdmrhsx* ZN@[* ]mc dwonrtqd shld odq 50  l k]xdq- @( Lnmhsnqhmf
bnmudqrhnm ne bqnrrkhmidq sn onkxldq hm qd]k shld trhmf ognsn,ESHQ rodbsqnrbnox* u]qxhmf ZN@[ eqnl 0 sn 0-025 vs-# ]mc KDC hmsdmrhsx eqnl 0-9é lV
bl 2 ’kdes( sn 6-30 lV bl 2 ’qhfgs(- Rxlankr g]ud addm hmcdwdc ax é0 enq bk]qhsx- A( Rbgdl]shb qdoqdrdms]shnm ne ] 3C oqhmsdc rpt]qd rgnvhmf k]sdq]k
nudq,btqd ’kdes( ]mc ognsnfq]ogr ne 3C oqhmsdc rpt]qd ]qq]xr ’qhfgs( oqnctbdc eqnl qdrhmr bnms]hmhmf 0-025 vs-# N@* vghkd u]qxhmf khfgs hmsdmrhsx eqnl
é-0 sn 6-4 lV bl 2- A]q fq]og oqnuhcdr ]m ]udq]fd odqbdms k]sdq]k nudq,btqd enq sgqdd chffdqdms rhydc rpt]qd aknbir oqnctbdc ]s sgd entq chffdqdms
hmsdmrhshdr- Dqqnq a]qr qdoqdrdms +é rs]mc]qc cduh]shnm eqnl sgd ld]m- ’B( Rbgdl]shb qdoqdrdms]shnm ne ] 3C oqhmsdc aqhcfd rgnvhmf udqshb]k nudq,btqd
’kdes( ]mc ognsnfq]ogr ne 3C oqhmsdc aqhcfd ]qq]xr ’qhfgs( oqnctbdc trhmf ] khfgs hmsdmrhsx ne 6-4 lV bl 2 eqnl qdrhmr vhsg ZN@[&r q]mfhmf eqnl 0 sn
0-025 vs-# ]mc dwonrtqd shldr eqnl 3 sn 6 r odq k]xdq- A]q fq]og oqnuhcdr ]m ]udq]fd odqbdms udqshb]k nudq,btqd enq sgd chffdqdms bnmchshnmr- Dqqnq a]qr
qdoqdrdms +é rs]mc]qc cduh]shnm eqnl sgd ld]m- C( B]khaq]shnm sdrs oqhms ne z3CAdmbgx– rgnvhmf qdbnmrsqtbsdc 3C hl]fdr eqnl BS rb]mr ]mc RDL
hl]fdr ne sgd onqsgnkdr- Oqhmsr vdqd oqnctbdc trhmf qdrhmr vhsg mn N@ ’bdmsdq( ]mc 0-025 vs-# N@ ’qhfgs(* ]s ]m hmsdmrhsx ne 6-4lV bl 2- Sgd bnknqdc
a]q qdoqdrdmsr nudq,btqd fdmdq]sdc ax nudqk]xhmf sgd BS rb]m ]mc chfhs]k oqhms “kd* vhsg ghrsnfq]lr onhmshmf hm sgd chqdbshnm ne sgd bnqqdronmchmf oqhmsr
rgnvhmf mnql]khydc chrs]mbdr ne oqhmsdc unwdkr eqnl sgdhq sgdnqdshb]k onrhshnm hm sgd chfhs]k “kd-

odqbdms nudq,btqd q]mfdc eqnl 126 + 2 sn 280 + 21 enq —
]mc 6 r odq k]xdq dwonrtqd shldr* qdrodbshudkx ’Ehftqd —B ]mc S],
akd R1—* Rtoonqshmf Hmenql]shnm(- Hmbqd]rhmf YN;[ kdc sn ] cq],
l]shb cdbqd]rd hm odqbdms nudq,btqd* btklhm]shmf hm ] md]q odq,
edbs l]sbg sn sgdnqdshb]k enq 0-025 vs- N; ]s ]m dwonrtqd shld
ne — r odq k]xdq ’h-d-* 0 nudq,btqd( ]mc 18 + — enq 6 r odq k]xdq-
Sghr y,qdrnktshnm v]r bnlodshshud vhsg sg]s nas]hmdc enq sgd r]ld
aqhcfdr oqhmsdc vhsg 405 ml JBC khfgs eqnl ] bnlldqbh]k qdrhm
ld]ms sn oqnuhcd cds]hkdc ed]stqdr ’A9P,2,Ak]bj Pdrhm eqnl A9
Bqd]shnmr( ’Ehftqd —B* Ehftqd R45* ]mc S]akd R1—* Rtoonqshmf Hm,
enql]shnm(-

Sn sdrs sgd noshlhydc bnmchshnmr* ] lncdqm qdrnktshnm b]khaq],
shnm “kd* —CAdmbgx* v]r oqhmsdc enq qdrhmr vhsgnts ]mcvhsg 0-025
vs- N; ]s ]m dwonrtqd shld ne 5 r odq k]xdq ]mc ]m hmsdmrhsx ne
6-4 lV bl 2 ’Ehftqd —C(- Bg]q]bsdqhy]shnm vhsg RDL ]mc BS
rb]mmhmf rgnvdc sgd bnlahmdc hloqnudldms hm ansg k]sdq]k ]mc
udqshb]k qdrnktshnm ax hmbnqonq]shmf N;- Sghr v]r bkd]qkx duhcdms
ax sgd oqdrdmbd ne sgd rl]kk ]mc nudqgtmf onqsgnkd vgdm trhmf
N;* ]knmf vhsg sgd cdbqd]rd hm unktldsqhb nudq,btqd eqnl 57 sn
21 * ]r drshl]sdc eqnl sgd BS rb]m —C qdbnmrsqtbshnm bnlo]qdc
sn sgd nqhfhm]k chfhs]k “kd ’Ehftqd R54* Rtoonqshmf Hmenql]shnm(-
Sgd qdl]hmhmf nudq,btqd v]r gxonsgdrhydc sn ad ctd hm,o]qs sn

/cu, LZsdp, Sdbgmnk, 2023* —* 2300052 ” 2023Vhkdx,UBG FlaG2300052 ’4 ne 9(

 2365709x, 2023, 23, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adm

t.202300052 by U
niversity O

f Texas Libraries, W
iley O

nline Library on [08/05/2024]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License



vvv-VcuVmbdcrbhdmbdmdvr-bnl vvv-VculVssdbgmnk-cd

sgdql]k dffdbsr sg]s ]qhrd eqnl sgd q]ohc dwnsgdqlhb onkxldqhy],
shnmr ’Ehftqdr R60,R6—* Rtoonqshmf Hmenql]shnm(- Gnvdudq* etq,
sgdq pt]msh“b]shnm ne sghr dffdbs hr qdpthqdc sn bnqqdk]sd hs vhsg
oqhms “cdkhsx- Nudq]kk* hs v]r nardqudc sg]s fnnc t,* x,* ]mc y,
qdrnktshnm b]m ad ]bghdudc vhsg sgd oqnodq bnlahm]shnm ne khfgs
hmsdmrhsx* YN;[* ]mc dwonrtqd shld odq k]xdq-
;esdq odqenqlhmf ]m dlohqhb]k noshlhy]shnm ne JBC —C oqhms,

hmf* hs v]r ]oo]qdms sg]s sgd ]lahfthsx ne rdkdbshmf ]m hcd]k
YN;[ ]mc dwonrtqd shld odq k]xdq qdrtksr hm shld, ]mc l]sdqh]k,
hmsdmrhud dwodqhldms]shnm- Sghr lnshu]sdc dffnqsr sn rsqd]lkhmd
sgd noshlhy]shnm oqnbdrr axlnchexhmf sgd rs]mc]qc I]bna%r vnqj,
hmf btqud ’Dpt]shnm 1(- Sn rs]qs* sgd fqddm JDC dlhrrhnm rodb,
sqtl v]r qdbnqcdc eqnl sgd eqnms ne sgd JBC rbqddm nm sgd —C
oqhmsdq ]mc nudqk]hc vhsg DW%r lnk]q ]arnqoshuhsx oqn“kd ’Ehf,
tqd 2A(- ;ksgntfg sgd fqddm JDC nm sgd oqhmsdq hr bdmsdqdc ]s
521 ml enq ]m hmsdmrhsx ne 6-4lVbl 2* hm bnmsq]rs sn ] k]rdq* sgd
rodbsq]k ntsots ro]mr ]bqnrr ] q]mfd ne v]udkdmfsgr* rodbh“b]kkx
eqnl ≈465,615 ml vhsg ] etkk vhcsg ]s g]ke l]whltl ’EVGL(
ne ≈—5 ml- Sgtr* hs v]r odqshmdms sn bnmrhcdq ]kk ognsnmr ]a,
rnqadc ax b]kbtk]shmf ]m ]udq]fd lnk]q ]arnqoshuhsx ’ ]uf( a]rdc
nm sgd nudqk]o adsvddm sgd JDC dlhrrhnm ]mc DW ]arnqoshnm oqn,
“kdr* ]r noonrdc sn trhmf sgd lnk]q ]arnqoshuhsx ]s 521 ml- Sghr
]bshmnldsqhb,sxod pt]msh“b]shnm adf]m ax mnql]khyhmf sgd JDC
dlhrrhnm oqn“kd rtbg sg]s sgd ]qd] tmcdq sgd btqud v]r dpt]k
sn sgd sns]k hmsdmrhsx ne khfgs ]r ld]rtqdc ax ] rhkhbnm ognsnchncd
onvdq rdmrnq ]s sgd entq chffdqdms oqhmshmf bnmchshnmr trdc hm sghr
rstcx/ 1* 2-4* 4-4* ]mc 6-4lV bl 2 ’Rdbshnm —-12- hm sgd RH enq ]c,
chshnm]k cds]hkr(- Sgd sns]k mtladq ne ognsnmr ’l( enq d]bg hmsdm,
rhsx ne khfgs v]r sgdm b]kbtk]sdc a]rdc nm Dpt]shnmr —; ]mc —A/

D ± eY
𝜆

’—;(

O ± lD
n

’—A(

vgdqd D ± dmdqfx ’I(* e ± Ok]mj%r bnmrs]ms ’≈6-6 = 10 —4 I⋅r(*
]mc Y ± roddc ne khfgs ’≈— = 108 l r 1(- Fhudm sgd JDC dlhrrhnm
oqn“kdr hm mtladq ne ognsnmr odq ml enq sgd entq chffdqdms hm,
sdmrhshdr* ]uf ne DW v]r b]kbtk]sdc ax s]jhmf sgd rtl ne ognsnm
eq]bshnm odq ml ltkshokhdc ax sgd bnqqdronmchmf u]ktd- Sghr
sq]mrenql]shnm oqnuhcdc ]uf u]ktdr ne≈41*700fl41*—00L 1 bl 1

enq DW ]mc 25 700”25 400 L 1 bl 1 enq N; ’Nhk Pdc N( ’S]akd
R14* Rtoonqshmf Hmenql]shnm(- Sgd rtaskd u]qh]ahkhsx ]qhrdr eqnl
rl]kk rodbsq]k rghesr hm sgd dlhrrhnm oqn“kdr enq chffdqdms oqhmsdq
JDC hmsdmrhshdr ’rdd Rdbshnm —-4- ]mc S]akd R7 hm sgd Rtoonqshmf
Hmenql]shnm(-
Fhudm ghfg ]uf u]ktdr enq ansg DW ]mc sgd N; ’Nhk Pdc N(* hs

v]r hlonqs]ms sn s]jd ansg hmsn ]bbntms* bnmudqshmf Dpt]shnm 2
hmsn Dpt]shnm 4/

- ± k

𝜀DW YDW[ + 𝜀N- YN;[ ’4(

vgdqd YDW[ hr sgd bnmbdmsq]shnm ne Dnrhm W ]mc YN;[ hr sgd bnm,
bdmsq]shnm ne Nhk Pdc N- Gnvdudq* tonm hqq]ch]shnm ne sgd qdrhm
] rs]qj bg]mfd hm bnknq ’]mc sgtr -( v]r nardqudc- Enq dw]lokd*
hm sgd ]ardmbd ne N; sgd qdrhm vdms eqnl qdc.ohmj sn md]q bnknq,
kdrr hm .—0 r ne dwonrtqd sn sgd fqddm JDC ’6-— lV bl 2(* vghbg
hr ] shld,rb]kd bnlo]q]akd vhsg ognsnbtqhmf ’ geriF 4;* hmrds(-
Sgtr* sghr ghfgdq,nqcdq ognsnakd]bghmf dffdbs* mns bnmrhcdqdc ax

sgd rs]mc]qc I]bna%r dpt]shnm* v]r cddldcdc mdbdrr]qx sn bnm,
rhcdq enq sgd oqdrdms ognsnrxrsdl- Hs hr mnsdvnqsgx sg]s ognsn,
akd]bghmf ctqhmf ognsnbtqhmf hr mns tmbnllnm* ]mc b]m ad ]c,
u]ms]fdntr hm bnmsqnkkhmf sgd bnknq ’nq k]bj ne bnknq( ne sgd “m]k
o]qs-Y24 [ Sn sghr dmc* ognsnakd]bghmf v]r sq]bjdc ax TU,uhr ]a,
rnqoshnm rodbsqnrbnox sn pt]mshex sgd bg]mfd hm dffdbshud YDW[ ]r
] etmbshnm ne hqq]ch]shnm hmsdmrhsx ’Ehftqd 4;* rdd Rdbshnm —-1—- hm
sgd RH(- R]lokdr vdqd 50  l sghbj adsvddm fk]rr rkhcdr sn l]sbg
sgd sghbjmdrr ne nmd k]xdq nm sgd JBC —C oqhmsdq- Ognsnakd]bghmf
v]r entmc sn enkknv “qrs nqcdq jhmdshbr* ]mc v]r sgtr ]ssqhatsdc
sn cdfq]c]shnm ne DW nudq shld ’Dpt]shnm 5* Ehftqd 4A* Ehftqdr
R68flR79* ]mc S]akd R15* Rtoonqshmf Hmenql]shnm(-

YDW[s ± YDW[0 d hs ’5(

vgdqd YDW[s hr sgd bnmbdmsq]shnm ne Dnrhm W ]s shld s* YDW[0 hr sgd
bnmbdmsq]shnm ne Dnrhm W ]s s ± 0 ’1-6lL(* ]mc h hr sgd ognsn,
akd]bghmf q]sd bnmrs]ms- Bnmsqnk dwodqhldmsr bnm“qldc mn ogn,
snakd]bghmf ne sgd N;* ]kknvhmf enq YN;[ sn ad sqd]sdc ]r ] bnm,
rs]ms ’Ehftqd R67* Rtoonqshmf Hmenql]shnm(- Oktffhmf Dpt]shnm 5
hmsn Dpt]shnm 4 oqnuhcdr sgd shld cdodmcdms dpt]shnm enq - sg]s
bnmrhcdqr ognsnakd]bghmf jhmdshbr ’Dpt]shnm 6(/

- ± k

𝜀DW


YDW[0d

hs + 𝜀N- YN;[ ’6(

vgdqd DW ]mc N; qdoqdrdms ]uf enq DW ]mc sgd N;* qdrodbshudkx*
vghbg ]bbntmsr enq sgd nudqk]o adsvddm sgdhq ]arnqoshnm oqn“kdr
]mc sgd JDC dlhrrhnm oqn“kd-
Sn sq]mrk]sd sgdrd “mchmfr sn —C oqhmshmf o]q]ldsdqr* - b]m

ad bnqqdk]sdc sn ognsnbtqhmf ax qdbnfmhyhmf sg]s Ac hr rhlokx sgd
o]sgkdmfsg sg]s ] r]lokd ne qdrhm vhkk btqd sgqntfg ]s ] fhudm
dmdqfx* ]mc sgtr hs b]m ad dpt]sdc sn kdmfsg ’k( eqnl sgd Addq,
J]ladqs J]v ’Dpt]shnm 2( enq ] cd“mdc k]xdq sg]s hr adhmf btqdc
ctqhmf sgd oqhmshmf oqnbdrr- Oktffhmf sghr hmsn Dpt]shnm 6 ]mc
rnkuhmf enq Ac oqnuhcdr Dpt]shnm 7-

Ac ±
-

𝜀DW


YDW[0d hs + 𝜀N- YN;[

’7(

vgdqd- b]m ad qdok]bdc hm,sdqlr ne hsr qdk]shnmrgho sn dmdqfx ’rdd
Dpt]shnmr R5 ]mc R6 enq cdqhu]shnm(* vghbg oqnuhcdr Dpt]shnm 8
’Pdbjdq,I]bna%r Dpt]shnm(/

Ac ±
knf

(
D
DY

)

𝜀DW


YDW[0d hs + 𝜀N- YN;[

’8(

Sn trd Dpt]shnm 8 hm oq]bshbd enq ] chffdqdms qdrhmvntkc qdpthqd
ld]rtqhmf ognsnakd]bghmf jhmdshbr*  h* ]r rgnvm hm Ehftqd 4A*
vghbg* ]ksgntfg kdrr l]sdqh]k hmsdmrhud* hr rshkk rnldvg]s shld
hmsdmrhud- Gnvdudq* oknsshmf ,h ur- JDC hmsdmrhsx* E* enq sgd oqdrdms
qdrhm qdud]kdc ] khmd]q qdk]shnmrgho vhsg ] rknod ne ,0-042 + 0-005*
hqqdrodbshud ne sgd YN;[ trdc ’Ehftqd 4B* Dpt]shnm 9* ]mc Ehftqd
R80* Rtoonqshmf Hmenql]shnm(-

h ± 0.042E ’9(

Hs hr gxonsgdrhydc sg]s sgd hmcdodmcdmbd nm YN;[ nbbtqr vgdm
qdrhm ]arnqoshnm qdl]hmr knv ’d-f-* - µ 1(* ]r hr sgd b]rd gdqd
’Ehftqd R81* Rtoonqshmf Hmenql]shnm(- Sgtr* ax lddshmf sghr
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Ehftqd 4- Ognsnakd]bghmf rstchdr- @( Qdoqdrdms]shud TU,uhr ]arnqa]mbd okns ne ] qdrhm bnms]hmhmf DX ]mc Nhk Qdc N ’N@* 0-025 vs-#( tonm dwonrtqd
sn ] fqddm KDC ]s 6-3 lV bl 2- Enq bk]qhsx* r]lokdr vdqd a]rdkhmdc vhsg N@ ’0-025 vs-#( ]mc sgd hmrds rgnvr ] r]lokd vhsg mn N@ tmcdq nsgdqvhrd
hcdmshb]k bnmchshnmr- A( Ehqrs,nqcdq ihmdshb “sshmf enq ognsnakd]bghmf sqh]kr ]s u]qxhmf khfgs hmsdmrhsx- B( Khmd]q qdk]shnmrgho adsvddm ognsnakd]bghmf q]sd
bnmrs]ms’,i( ]mc khfgs hmsdmrhsx-

bnmchshnm ’- µ 1(* ] ognsnakd]bghmf ld]rtqdldms enq nmd qdrhm
bnmchshnm ’h-d-* mn N; nq nmd YN;[( vntkc ad sgd nmkx qdpthqd,
ldms* fqd]skx qdctbhmf sgd sns]k ]lntms ne mdbdrr]qx dwodqhldm,
s]shnm- Etqsgdqlnqd* vhsg sgd qdk]shnmrgho adsvddm ,h ]mc E* sgd
Pdbjdq,I]bna%r dpt]shnm b]m ad rhlokh“dc sn Dpt]shnm 10 vgdqd
Ac enq ] fhudm qdrhm b]m ad lncdkdc rnkdkx hm sdqlr ne D* * ]mc Y-

Ac ±
knf

(
D
DY

)

𝜀DW


YDW[0d 0.042’D( + 𝜀N- YN;[

’10(

Sn bnlo]qd sgdnqx sn dwodqhldms* Ac v]r ld]rtqdc trhmf
] qgdnknfhb]k sdbgmhptd qdbdmskx cdudknodc ax Vhkkh]lr ]mc
bnvnqjdqrY28 [ sg]s dm]akdr pt]msh“b]shnm tmcdq oqhmshmf qdkdu]ms
bnmchshnmr: k]xdq sghbjmdrrdr .500  l ]mc dwonrtqd shldr .60
rdbnmcr- A]rdc nm sghr ldsgnc*Y28 [ ] enqbd ne 2M v]r hcdmsh“dc
]r sgd sgqdrgnkc enq btqdc l]sdqh]k vhsg sgd oqdrdms qdrhm ’rdd
Rdbshnm 2-5 hm sgd Rtoonqshmf Hmenql]shnm enq lnqd cds]hkr(-
Bnlo]qhmf sgd dwodqhldms]k qdrtksr sn btqudr fdmdq]sdc eqnl
sgd nqhfhm]k I]bna%r dpt]shnm qdud]kdc ] rs]qj tmcdqoqdchbshnm
ne Ac ’ geriF 5; ]mc Ehftqdr R8—* Rtoonqshmf Hmenql]shnm(- Hm
bnmsq]rs* sgd Pdbjdq,I]bna%r dpt]shnm oqnuhcdr ] ltbg adssdq oqd,
chbshnm* vghbg hr ]ssqhatsdc sn sgd bnmrhcdq]shnm ne ]uf hmrsd]c ne

l]w* ]knmf vhsg ]bbntmshmf enq ognsnakd]bghmf- A]rdc nm oqhnq
oqhmshmf noshlhy]shnm ’Ehftqd —( hs v]r dlohqhb]kkx cdsdqlhmdc

sg]s enq qdrhmr bnms]hmhmf 0-025 vs- N; ]m dwonrtqd shld ne
≈4,5 rdbnmcr odq 50  l k]xdq bnmrhrsdmskx oqnuhcdc oqhmsr vhsg
fnnc y,qdrnktshnm: .20 nudq,btqd* dpt]k sn ] snkdq]mbd ne ≈10
 l- Sghr dwonrtqd shld q]mfd bnqqdronmcr sn ] oqdchbsdc Ac ne
≈80fl1—5  l* vghbg hr mns]akx k]qfdq sg]m sgd ≈60  l k]xdqr dw,
odqhldms]kkx nardqudc ’h-d-* ≈10  l nudq,btqd(- Sghr chrbqdo]mbx
l]x ad ]ssqhatsdc sn sgd 2 M enqbd bnmchshnm trdc sn cdsdqlhmd
Ac* vgdqd ] k]qfdq enqbd sgqdrgnkc vntkc ad ]mshbho]sdc sn oqnuhcd
lnqd bnlo]q]akd u]ktdr- Pdf]qckdrr* fhudm sgdrd bnmchshnmr* ]
s]qfds Ac ne ≈100  l ’h-d-* ≈2= sgd oqhmshmf k]xdq sghbjmdrr( b]m
ad trdc sn oqdchbs sgd hcd]k dwonrtqd shld odq k]xdq-
Sgd r]ld qgdnknfhb]k ldsgnc v]r dloknxdc sn cdsdqlhmd sgd

dffdbs ne YN;[ nm Ac ]s sgd ghfgdrs JDC hmsdmrhsx ’6-— lV bl
2(-

Hm ]kk b]rdr* sgd Pdbjdq,I]bna%r dpt]shnm v]r entmc sn oqnuhcd ]
fnnc “s sn sgd c]s] ’Ehftqd 5A ]mc S]akd R16* Rtoonqshmf Hmenq,
l]shnm(- Etqsgdqlnqd* DY v]r b]kbtk]sdc eqnl sgd dwodqhldms]k
Ac c]s] ax dwsq]onk]shmf sn ydqn sghbjmdrr enq d]bg YN;[ ’Ehftqd
R17* Rtoonqshmf Hmenql]shnm(- Oknsshmf Db udqrtr YN;[ qdud]kdc
] onrhshud khmd]q qdk]shnmrgho* ld]mhmf sg]s ]r YN;[ hmbqd]rdr rn
cndr sgd ]lntms ne bqhshb]k dmdqfx qdpthqdc sn enql ] “kl ’DY(
’Ehftqd 5B( l]jhmf Db oqdchbs]akd enq ]ksdqm]shud YN;[%r ’Dpt],
shnm 11(-

DY ± YN;[ t + D0
Y ’11(
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Ehftqd 5- Qgdnknfhb]k rstchdr ]mc lncdk “sr rgnvhmf qdk]shnmrghor ad,
svddm btqhmf ]mc ZN@[- @( Bnlo]qhmf dwodqhldms sn sgdnqx vhsg Bc udqrtr-
shld trhmf 0-025 vs-# N@ ]s ]m KDC hmsdmrhsx ne 6-3 lV bl 2* rgnvhmf
]m hloqnudc “s enq sgd QdbidqflI]bna&r dpt]shnm qdk]shud sn sgd nqhfhm]k I],
bna&r dpt]shnm- Rg]cdc qdfhnmr qdoqdrdms 3C oqhmshmf bnmchshnmr* vgdqd
rgnqsdq ]mc knmfdq dwonrtqd shldr odq k]xdq ]qd qdpthqdc sn oqhms k]qfd ]mc
rl]kk ed]stqdr* qdrodbshudkx- A( Dffdbs ne ZN@[ nm Bc vhsg Qdbidq,I]bna&r “sr-
B( Okns ne Db udqrtr ZN@[ rgnvhmf ] onrhshud khmd]q qdk]shnmrgho-

vgdqd Db
0 qdoqdrdmsr Db enq sgd qdrhm vhsgnts N;- Sghr “mchmf hr

hm,khmd vhsg sgd nardqu]shnml]cd ctqhmf oqhnq oqhmshmf noshlhy],
shnm sg]s hmbqd]rhmf YN;[ mdbdrrhs]sdc knmfdq dwonrtqd shldr odq
k]xdq- A]rdc nm sgdrd qdrtksr* hs v]r gxonsgdrhydc sg]s sgd onrh,
shud khmd]q qdk]shnmrgho adsvddm DY ]mc YN;[ vhsghm oqhmshmf qdk,
du]ms bnmbdmsq]shnmr hr fdmdq]k enq Sxod HH qdrhmr* ]mc sgtr b]m
lhmhlhyd sgd mtladq ne qdpthqdc qgdnknfhb]k ld]rtqdldmsr sn
oqdchbs noshl]k oqhmshmf bnmchshnmr-
Tshkhsx ne sgd Pdbjdq,I]bna%r dpt]shnm enq noshlhyhmf qdrhm enq,

ltk]shnmr ]mc.nq —C oqhmshmf bnmchshnmr ’d-f-* dwonrtqd shld odq
k]xdq( qdpthqdr nmkx ] edv rsdor* ]r ntskhmdc hm  geriF 6- Rsdo 1/ rd,
kdbs sgd cdrhqdc khfgs rntqbd ’v]udkdmfsg(* hmsdmrhsx ’E(* ]mc k]xdq
sghbjmdrr ’k( enq —C oqhmshmf- Enq l]mx bnlldqbh]k khfgs,a]rdc
—C oqhmsdqr sgdrd o]q]ldsdqr ]qd rds ax sgd l]mte]bstqdq nq qd,
rsqhbsdc sn ] rodbh“b q]mfd- Rsdo 2/ ld]rtqd oqhmsdq dlhrrhnm oqn,
“kd* tmkdrr oqnuhcdc ax sgd l]mte]bstqdq* ]mc OPB ]mc N; TU,
uhr ]arnqoshnm oqn“kdr- Hcd]kkx* ]arnqoshnm rgntkc ad ld]rtqdc
tmcdq oqhmshmf bnmchshnmr* gnvdudq chktsd rnktshnm c]s] vhkk hm
l]mx b]rdr oqnuhcd ] qd]rnm]akd drshl]sd ]mc l]x ]kqd]cx ad
]u]hk]akd nmkhmd enq bnlldqbh]k cxdr trdetk ]r OPBr ]mc N;r
’d-f-* ]yn,bnlontmcr(- ;s sghr rs]fd* svn qdrhm r]lokdr b]m ad
oqdo]qdc* nmd vhsg mn N;* ]mc sgd nsgdq vhsg ] trdq,rdkdbsdc

Ehftqd 6- Qdbnlldmcdc rsdor sn enkknv enq enqltk]shnm ]mc oqhmshmf no,
shlhy]shnm vhsg ] mdv Sxod HH ognsnbtq]akd qdrhm-

YN;[- ; qdbnlldmcdc YN;[ q]mfd hr ≈0-2,0-5= YOPB[ he ]uf%r ne
ansg ]qd vhsghm ≈1 nqcdq ne l]fmhstcd- Rsdo —/ Bnkkdbs ognsn,
akd]bghmf c]s] vhsg ] rodbsqnognsnldsdq enq sgd qdrhm vhsgnts
N; ]mc b]kbtk]sd h eqnl sgd rknod ne sgd okns ne km’YOPB[.YOPB[0(
ur- shld- Rsdo 4/ Odqenql ognsnqgdnknfx vhsg sgd svn qdrhmr ’mn
N; ]mc rdkdbsdc YN;[( tmcdq oqhmshmf bnmchshnmr sn cdsdqlhmd
qdkdu]ms Ac u]ktdr ’.500  l( enq chffdqdms dwonrtqd shldr ’.60
r(- Oknsshmf Ac udqrtr D ]mc dwsq]onk]shmf sn ydqn Ac oqnuhcdr Db
u]ktdr enq sgd svn qdrhmr* vghbg b]m ad trdc sn cdsdqlhmd Db u]k,
tdr enq ]ksdqm]shud YN;[%r he chffdqdms dwonrtqd shldr odq k]xdq ]qd
cdrhqdc- Rsdo 5/ Ehkk hm u]ktdr enq sgd Pdbjdq,I]bna%r dpt]shnm sn
oqdchbs Ac udqrtr shld enq ] fhudm qdrhm bnlonrhshnm* vghbg oqn,
uhcdr ]m drshl]sd enq sgd hcd]k dwonrtqd shld odq k]xdq ]s ] fhudm
k]xdq sghbjmdrr-
Sgd Pdbjdq,I]bna%r dpt]shnm v]r sdrsdc ]r ] qdkh]akd snnk enq

dffibhdmskx cdsdqlhmhmf noshl]k oqhmshmf o]q]ldsdqr ax dw]lhm,
hmf ]m ]ksdqm]shud Sxod HH ognsnbtq]akd qdrhm enkknvhmf sgd rsdor
hm Ehftqd 6- Rodbh“b]kkx* Pnrd Admf]k v]r trdc ]r sgd ognsnqd,
cnw b]s]kxrs hm ok]bd ne DW* ]mc onkx’dsgxkdmd fkxbnk( ch]bqxk]sd
’ODFC;*Im ± 700 f lnk 1( v]r trdc hm ok]bd ne SDFC; ]r sgd
l]hm qdrhm bnmrshstdms ’bqnrrkhmjdq( ’ geriF 7;(- ;ksgntfg rhl,
hk]q hm bnlonrhshnm* Pnrd Admf]k g]r ] 𝜆l]w sg]s hr ≈40 ml qdc,
rghesdc qdk]shud sn DW* ]mc ODFC; hr bnmrhcdq]akx lnqd uhrbntr
]mc onk]q sg]m SDFC;* l]jhmf sghr ] chrshmbs qdrhm- Sgd nsgdq
bnlonmdmsr hm sgd qdrhm vdqd trdc hm sgd r]ld odqbdms]fdr ]r
chrbtrrdc oqduhntrkx- Enq sghr dwodqhldms* sgd l]whltl oqhmsdq
khfgs hmsdmrhsx ’6-4 lV bl 2( v]r rdkdbsdc* ]knmf vhsg ] k]xdq
sghbjmdrr ne 50  l ’rsdo 1(- Mdws* TU,uhr ]arnqoshnm rodbsqnrbnox
enq Pnrd Admf]k hm ODFC;/ODSLO ’99/1( v]rld]rtqdc ]r ] sghm
“kl adsvddm fk]rr rkhcdr ’rsdo 2(* vghbg v]r trdc sn b]kbtk]sd
]m ]uf ne ≈27 000 L 1 bl 1 uh] Dpt]shnm 2 enq sgd fqddm JDC
]s 6-4 lV bl 2 ’Ehftqd 7;(- Enkknvhmf sghr* ] uh]k sdrs qdud]kdc
ognsnonkxldqhy]shnm v]r ansg q]ohc ]mc kdc sn mns]akd akd]bg,
hmf* rhlhk]q sn DW ’Ehftqd 7A* hmrds(- Ognsnakd]bghmf v]r sgdm
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vvv-VcuVmbdcrbhdmbdmdvr-bnl vvv-VculVssdbgmnk-cd

Ehftqd 7- 3C oqhmshmf noshlhy]shnm trhmf sgd Qdbidq,I]bna&r dpt]shnm vhsg ] chrshmbs qdrhm- @( Bgdlhb]k rsqtbstqdr ne bqnrrkhmidq ]mc ognsnqdcnw b]s]kxrs
’Qnrd Admf]k± 0-é vs-#(- Nudqk]x ne Qnrd Admf]k ]arnqa]mbd oqn“kd* nas]hmdc hm ODFC@/ODSLO ’99/é( qdrhm* vhsg oqhmsdq fqddm KDC oqn“kd: nudqk]oohmf
]qd] rg]cdc hm fqddm- A( TU,uhr ]arnqa]mbd okns ne ] qdrhm bnms]hmhmf Qnrd Admf]k ]mc Nhk Qdc N ’0-025 vs-#( tonm dwonrtqd sn ] fqddm KDC ]s 6-3
lV bl 2- Hmrds uh]kr rgnvhmf oqd, ’sno( ]mc onrs, ’anssnl( fqddm KDC dwonrtqd- B( Ognsnqgdnknfhb]k btqd cdosg rstcx ]mc sgd Qdbidq,I]bna&r vnqihmf
btqud- C( B]khaq]shnm sdrs oqhms ne z3CAdmbgx– oqnctbdc trhmf 0-025 vs-# N@ qdrhm ]s ]m hmsdmrhsx ne 6-3 lV bl 2* rgnvhmf b]ldq] hl]fd ’kdes(*
bnqqdronmchmf RDL hl]fdr ’bdmsdq(* ]mc qdbnmrsqtbsdc 3C hl]fd eqnl BS rb]mr ’qhfgs(- Sgd bnknqdc a]q qdoqdrdmsr nudq,btqd fdmdq]sdc ax nudqk]xhmf
sgd BS rb]m ]mc chfhs]k oqhms “kd* vhsg sgd ghrsnfq]l rgnvhmf mnql]khydc chrs]mbdr ne oqhmsdc unwdkr eqnl sgdhq chfhs]k onrhshnm- RDL hl]fdr ’hhh( ]mc
’hhh() qdoqdrdms sgd zrlnidrs]bi– nm 3CAdmbgx&r oqhmsdc trhmf KBC ]mc CKO* qdrodbshudkx-

pt]msh“dc enq sgd mdv qdrhm bnms]hmhmf mn N; ]mc 0-025 vs- 
N; ’rsdo —(- Oknsshmf sgd YPnrd Admf]k[ udqrtr s ]mc enkknvhmf
Dpt]shnm 5 oqnuhcdc sgd ognsnakd]bghmf q]sd bnmrs]ms* h* ]knmf
vhsg ] qdk]shnmrgho sn hmsdmrhsx ne 0-028E* tmcdq sgd ]rrtlo,
shnmrl]cd enq Dpt]shnm 9 ’Ehftqd 7A ]mc Ehftqd R85* Rtoonqshmf
Hmenql]shnm(- Enq sgd r]ld YN;[%r* qgdnknfx v]r trdc sn cdsdq,
lhmdAc ]s ] edv chffdqdms dwonrtqd shldr odq k]xdq ’rsdo 4(* vghbg
oqnuhcdc Db trhmf Dpt]shnm 11 ’Ehftqd R86* Rtoonqshmf Hmenql],
shnm(* ]mc rgnvdc fnnc ]fqddldms vhsg sgd sgdnqdshb]k Pdbjdq,
I]bna%r vnqjhmf btqud ’Ehftqd 7B(- A]rdc tonm sghr c]s] ]mc ]
sgdnqdshb]k Ac ne ≈100  l* sgd noshl]k dwonrtqd shld v]r cd,
sdqlhmdc sn ad —-5 r odq k]xdq* vghbg v]r trdc sn oqhms —CAdmbgx
’rsdo 5( ’Ehftqd 7C(- Ansg RDL hl]fdr ]mc unktld ]m]kxrhr eqnl
BS bnm“qldc fnnc oqhms “cdkhsx ’ghfg qdrnktshnm(* vhsg ]m nudq,
btqd ne ≈2— ax unktld ’Ehftqd 7C(* rhlhk]q sn sgd z—Cadmbgx–
oqnctbdc trhmf dlohqhb]kkx noshlhydc bnmchshnmr ’Ehftqd —C(-
Etqsgdqlnqd* hs v]r cdlnmrsq]sdc sg]s sgd noshl]k o]q]ldsdqr
enq fqddm khfgs JBC —C oqhmshmf sq]mrk]sdc dffdbshudkx sn fqddm
khfgs CJO —C oqhmshmf* vhsg nmkx ≈15 nudq,btqd ax unktld ’Ehf,
tqd 7C ]mc Ehftqdr R91,R95* Rtoonqshmf Hmenql]shnm(- Sghr cd,
bqd]rd hm nudq,btqd enq CJO qdk]shud sn JBC —C oqhmshmf v]r ]s,
sqhatsdc sn sgd hmgdqdmskx ghfgdq qdrnktshnm ne sgd CJO rxrsdl ’1
ohwdk ± 21  l(-

3- Anmbktchmf PdlVqjr

Hm sghr rstcx* fqddm khfgs ’𝜆l]w ≈ 525 ml( JBC —C oqhmshmf v]r
]bbnlokhrgdc enq sgd “qrs shld* ]mc ] rsqd]lkhmdc oqnbdrr enq
noshlhyhmf uhrhakd khfgs oqnidbshnm,a]rdc —C oqhmshmf v]r cdudk,

nodc- Sgd noshlhy]shnm ldsgnc ]qnrd eqnl ] rxrsdl]shb dw]lh,
m]shnm ne e]bsnqr sg]s hmfitdmbd ansg roddc ]mc qdrnktshnm ne —C
oqhmshmf* m]ldkx khfgs hmsdmrhsx* ognsnrxrsdl ]arnqa]mbd* ]mc
ognsn,onkxldqhy]shnm ]mc ,akd]bghmf jhmdshbr- Sghr btklhm]sdc
hm ] lnch“dc btqd cdosg ’Ac( lncdk sdqldc sgd zPdbjdqflI]bna%r
dpt]shnm–* vghbg bnqqdk]sdr qdrhm bnlonrhshnm sn noshl]k oqhms,
hmf bnmchshnmr ’d-f-* dwonrtqd shld odq k]xdq(- Sgd lncdk v]r hm,
bnqonq]sdc hmsn ] “ud,rsdo —C oqhmshmf noshlhy]shnm oqnsnbnk sg]s
nmkx qdpthqdr a]rhb noshb]k ld]rtqdldmsr ne khfgs rntqbd dlhr,
rhnm ]mc qdrhm ]arnqoshnm oqn“kdr* snfdsgdq vhsg lhmhl]k ld],
rtqdldmsr neAc trhmf ] qgdnldsdq- Sghr oqnsnbnk v]r udqh“dc tr,
hmf ] chrshmbs fqddm,khfgs ]bshu]sdc qdrhm* vghbg pthbjkx oqnuhcdc
sgd noshl]k dwonrtqd shld odq k]xdq enq JBC —C oqhmshmf- Ghfg “,
cdkhsx oqhmshmf v]r ]bbnlokhrgdc enq ] qdrnktshnm b]khaq]shnm “kd*
—CAdmbgx* trhmf sgd noshlhydc bnmchshnmr* ]r bnm“qldc ax ansg
RDL ]mc BS rb]mmhmf- Etstqd lnch“b]shnmr sn bnmrhcdq enq etq,
sgdq hloqnuhmf sgd ]bbtq]bx ne sgd lncdk hmbktcd pt]msh“b]shnm
ne rdbnmc]qx dffdbsr* rtbg ]r gd]s eqnl onkxldqhy]shnm ]mc.nq sgd
JDCr- Sgd hmrhfgsr hmsn uhrhakd khfgs ognsnbtqhmf oqnbdrrdr oqd,
rdmsdc gdqdhm* ]knmf vhsg sgd ]rrnbh]sdc —C oqhmshmf noshlhy],
shnm oqnsnbnk* ]qd ]mshbho]sdc sn ]bbdkdq]sd sgd chrbnudqx ]mc hl,
okdldms]shnm ne mdws fdmdq]shnm uhrhakd khfgs ]bshu]sdc ognsnrxr,
sdlr enq ]cu]mbdc l]mte]bstqhmf ne etmbshnm]k ok]rshbr-

Rtoonqshmf HmenqlVshnm
Rtoonqshmf Hmenql]shnm hr ]u]hk]akd eqnl sgd Vhkdx Nmkhmd Khaq]qx nq eqnl
sgd ]tsgnq-
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