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OYqshshnmhmf ne vYsdq+rnktakd uhsYlhmr hm ahncdfqYcYakd
Yptdntr svn+ogYrd rxrsdlr9 Dkdbsqnkxsd odqstqadc+bgYhm
rsYshrshbYk YrrnbhYshmf ekthc sgdnqx oqdchbshnmr Ymc
dwodqhldmsYk uYkhcYshnm

IYlhkY VxrnbyYmriY0 z GnYmf SYl Cn1 z FYaqhdkd RYcnvrih1 z

DtfÅmhY :- LYbdcn0 z Bgqhrsnog Gdkc1

0@rrnbh]sd K]anq]snqx ne Rdo]q]shnm ]mc

Qd]bshnm Dmfhmddqhmf…K]anq]snqx ne B]s]kxrhr
]mc L]sdqh]kr &KRQD,KBL(+ E]btksx ne

Dmfhmddqhmf+ Tmhudqrhsx ne Onqsn+ Onqsn+

Onqstf]k

1K]anq]snqx ne Sgdqlncxm]lhbr+ Cdo]qsldms

ne Ahnbgdlhb]k ]mc Bgdlhb]k Dmfhmddqhmf+

Sdbgmhrbgd Tmhudqrhsâs Cnqsltmc+ Cnqsltmc+

Fdql]mx

Bnqqdronmcdmbd

Bgqhrsnog Gdkc+ K]anq]snqx ne

Sgdqlncxm]lhbr+ Cdo]qsldms ne Ahnbgdlhb]k

]mc Bgdlhb]k Dmfhmddqhmf+ Sdbgmhrbgd

Tmhudqrhsâs Cnqsltmc+ Dlhk,Ehffd,Rsqdds

6/+ 33116 Cnqsltmc+ Fdql]mx-

Dl]hk9 bgqhrsnog-gdkc=st,cnqsltmc-cd

Etmchmf hmenqlYshnm

@bä%]n Hmsdfq]c]+ Fq]ms.@v]qc Mtladq9

@/7.06: Cdtsrbgd Enqrbgtmfrfdldhmrbg]es+

Fq]ms.@v]qc Mtladq9 DWB 0/58: Etmc]ä%]n

o]q] ] Bhémbh] d ] Sdbmnknfh]+ Fq]ms.@v]qc

Mtladq9 OC.AC.003204.1/05: Fdql]m

@b]cdlhb Dwbg]mfd Rdquhbd+ Fq]ms.@v]qc

Mtladq9 4623/153: Nodm ]bbdrr etmchmf

dm]akdc ]mc nqf]mhydc ax Oqnidjs CD@K-

:arsqYbs

O]qshshnm bndeehbhdmsr &J( ne uhs]lhmr &qhanek]uhm+ mhbnshmhb ]bhc+ mhbnshm]lhcd+ enkhb ]bhc+ bx],

mnbna]k]lhm( hm ]ptdntr svn,og]rd rxrsdlr &@SOR( bnlonrdc ax onkxdsgxkdmd fkxbnk

&ODF 3///+ ODF 5///( ]mc nqf]mhb r]ks &rnchtl bhsq]sd ]mc rnchtl s]qsq]sd( ]s

S < 187-04 J ]mc o < 0 a]q g]ud addm rstchdc- C]s] nm khpthc�khpthc dpthkhaqh] ne sgd

@SOR bnmrhcdqdc hm sghr rstcx g]ud addm s]jdm eqnl sgd khsdq]stqd &ODF,M]2Bhsq]sd( nq

ld]rtqdc hm sghr vnqj &ODF,M]1S]qsq]sd( enq ODF 3/// ]mc ODF 5/// ]s S < 187-04 J

]mc o < 0 a]q- Sgd dwodqhldms]k J u]ktdr vdqd u]khc]sdc ax dkdbsqnkxsd odqstqadc,bg]hm,

rs]shrshb]k ]rrnbh]shmf ekthc sgdnqx oqdchbshnmr- Sgd mdtsq]k bx]mnbna]k]lhm g]r sgd

ghfgdrs J u]ktdr ]lnmf ]kk rstchdc uhs]lhmr ]s ]mx @SOR rstchdc hm sghr vnqj- Sghr ehmchmf

bnmsq]rsdc vhsg dwodbs]shnmr a]rdc nm khsdq]stqd c]s] vghbg kds ]rrtld sg]s bg]qfdc rod,

bhdr g]ud sxohb]kkx sgd ghfgdrs J u]ktdr hm sgd bnmrhcdqdc @SOR- Sgtr+ adrhcdr sgd sxoh,

b]kkx rsqnmf bg]qfd�bg]qfd hmsdq]bshnmr drodbh]kkx rodbhehb enqbdr &d-f-+ gxcqnfdm anmchmf(

dwok]hmr sgd rsqnmf ODF,bx]mnbna]k]lhm hmsdq]bshnm qdrtkshmf hm sgd ghfg J u]ktdr-

I D XVNPC R

bhsq]sd+ o]qshshnm bndeehbhdms+ ODF+ s]qsq]sd+ vd]j dkdbsqnkxsdr

0 z HMSPNCTBSHNM

@ptdntr svn,og]rd rxrsdlr &@SOR( oqnuhcd lhkc bnmchshnmr enq sgd

o]qshshnmhmf ne sgdqlnrdmrhshud ]mc v]sdq,oqnmd nqf]mhb lnkdbtkdr-0,3

Gnvdudq+ ]s kd]rs rdudq]k ne sgd bnllnmkx trdc og]rd enqldqr vhsghm

]m @SOR l]x b]trd rnld dmuhqnmldms]k chrsqdrr he ]ookhdc ]s hmctrsqh]k

rb]kd-4 @ adssdq ]ksdqm]shud ]qd ahncdfq]c]akd @SOR bnlonrdc ne

mnmsnwhb bnlonmdmsr+ rtbg ]r onkxdsgxkdmd fkxbnk &ODF( ]mc nqf]mhb

r]ksr+ enq dw]lokd+ bhsq]sdr nq s]qsq]sdr-5,7 Sgdrd dmuhqnmldms]kkx

eqhdmckx @SOR g]ud addm ]kqd]cx bnmrhcdqdc enq sgd rdo]q]shnm ne ahn,

lnkdbtkdr rtbg ]r ]mshahnshbr+ CMO,]lhmn ]bhcr+ ]lnmf nsgdqr-8,02

Oqdrdmbd ne nqf]mhb r]ks ]mc ghfg bnmsdms ne v]sdq hm rtbg @SOR ]qd

]cu]ms]fdntr- Gnvdudq+ ctd sn l]mx cdodmcdmbhdr ne sgd o]qshshnmhmf

adg]uhnq+ tmcdqrs]mchmf sgd ogdmnldm] vghbg qtkd sgd o]qshshnmhmf hm

sgdrd bnlokdw rxrsdlr qdpthqdr ltbg lnqd deenqs &d-f-+ c]s]( sg]m hm

bnmudmshnm]k rdo]q]shnm rxrsdlr-03+04 Rnktsd o]qshshnmhmf hm ODF�r]ksZBnqqdbshnm ]ccdc nm @tf 13+ 1/1/ ]esdq ehqrs nmkhmd otakhb]shnm[

Qdbdhudc9 06 Mnudladq 1/08 Qduhrdc9 0 Itkx 1/1/ @bbdosdc9 7 Itkx 1/1/

CNH9 0/-0//1.]hb-05873

Sghr hr ]m nodm ]bbdrr ]qshbkd tmcdq sgd sdqlr ne sgd Bqd]shud Bnllnmr @ssqhatshnm Khbdmrd+ vghbg odqlhsr trd+ chrsqhatshnm ]mc qdoqnctbshnm hm ]mx ldchtl+

oqnuhcdc sgd nqhfhm]k vnqj hr oqnodqkx bhsdc-

± 1/1/ Sgd @tsgnqr- :HBgD IntqmWk otakhrgdc ax Vhkdx Odqhnchb]kr KKB nm adg]ke ne @ldqhb]m Hmrshstsd ne Bgdlhb]k Dmfhmddqr-

0 ne 02 :HBgD I- 1/1/:559d05873-vhkdxnmkhmdkhaq]qx-bnl.intqm]k.]hb

gssor9..cnh-nqf.0/-0//1.]hb-05873



@SOR hr ghfgkx hmektdmbdc ax oG+ ]mc ansg sgd oG ]mc hmsdq]bshnmr

rsqnmfkx cdodmc nm sgd jhmc ]mc bnlonrhshnm &sgd shd,khmd kdmfsg+ SKK(

ne @SOR+ ]r vdkk ]r nm sgd oqnodqshdr ne @SOR og]rd enqldqr+ enq dw]l,

okd+ ODF|r lnkdbtk]q vdhfgs+ sxod ne ]mhnm+ ]mc b]shnm ne r]ks-05

Sgd rths]ahkhsx ne @SOR sn rdo]q]sd cheedqdms bnlonmdmsr b]m ad

du]kt]sdc dwodqhldms]kkx a]rdc nm o]qshshnm bndeehbhdms &J( ld]rtqd,

ldmsr- Oqhnq sn sghr+ sgd ahmnc]k btqudr ]mc og]rd bnlonrhshnmr &shd,khmdr(

ne @SOR ]s dpthkhaqhtl &SKK( ltrs ad cdsdqlhmdc- Sgd ahmnc]k c]s] ]kknv

] oqhl]qx drshl]shnm ne sgd onsdmsh]k bnrs ne enqlhmf @SOR+ ]r hs fhudr

hmenql]shnm ]ants sgd hllhrbhahkhsx qdfhnm hm og]rd ch]fq]lr- @ksgntfg

sgdrd c]s] l]x ad fnnc dmntfg sn fds rnld oqdkhlhm]qx hmenql]shnm nm

o]qshshnmhmf deehbhdmbx+ J ld]rtqdldmsr nudq cheedqdms SKK ]qd cdbhrhud

enq bgnnrhmf ] rxrsdl ]ookhb]akd sn sgd rdo]q]shnm ne s]qfds bnlonmdmsr-

Ax sghr+ hs adbnldr onrrhakd sn du]kt]sd sgd sgdqlncxm]lhb deehbhdmbx ne

]m @SOR snv]qc rdo]q]shnm: sgd ]cu]ms]fdr ne ]m]kxyhmf J u]ktdr nudq

SKK ]qd &]( sgdqd hr nmd o]q]ldsdq sn cdrbqhad sgd hmektdmbd ne @SOR

bnlonrhshnm nm J+ &a( hs hr onrrhakd sn bnlo]qd J ne cheedqdms rnktsdr hm

sgd r]ld @SOR ]mc SKK+ ]mc &b( hs hr ed]rhakd sn bnlo]qd J ne sgd r]ld

rnktsd hm cheedqdms @SORr ats r]ld SKK- Rnld oqduhntr rstchdr rgnv

sg]s J rsqnmfkx cdodmcr nm SKK ne sgd @SOR ]mc b]m dhsgdq hmbqd]rd nq

cdbqd]rd vhsg hmbqd]rhmf SKK-00+06,08 Enq rxrsdlr sg]s rgnv hmbqd]rdc

J u]ktdr vhsg hmbqd]rhmf SKK+ @SOR bnlonrhshnmr ]qd e]unqdc vhsg ghfg

bnmbdmsq]shnmr ne sgd og]rd enqldqr- Sghr hr q]sgdq tmcdrhqdc eqnl dmuh,

qnmldms]k odqrodbshud ]mc b]kkr sn rd]qbg enq cheedqdms @SORr sg]s ]qd

lnqd rths]akd enq sgd o]qshshnmhmf ne ] fhudm bnlontmc- Sghr qdpthqd,

ldms hr lds ax bgnnrhmf ahncdfq]c]akd @SOR ]mc sghr v]x hs b]m nudq,

bnld nmd ne sgd ahffdrs ansskdmdbjr ne @SOR bk]hldc hm sgd khsdq]stqd-4

V]sdq,rnktakd uhs]lhmr g]ud l]mx ]ookhb]shnmr ]mc sgdx vdqd vhkk,

hmfkx ]ookhdc ]lnmf nsgdqr ]r lncdk cqtfr.khf]mcr hm bnmsqnkkdc,

qdkd]rd ]mc s]qfdshmf cqtf,cdkhudqx rstchdr-1/,11 Adhmf knv v]sdq,

rnktakd ]mc hnmhy]akd bnlonmdmsr+ l]mx uhs]lhmr e]bd rhlhk]q oqnakdlr

bnlo]qdc sn ]bshud og]ql]bdtshb]k hmfqdchdmsr+12 enq dw]lokd+ knv rnk,

tahkhsx+ o]qsh]k chrrnbh]shnm hm ]ptdntr rxrsdlr- @cchshnm]kkx+ v]sdq,

rnktakd uhs]lhmr ]qd ]ooqnoqh]sd lncdk bnlontmcr sn oqnud sgd ]ahkhsx

ne rdo]q]shnm ax @SOR b]trdc ax sgd ghfg chudqrhsx ne sgd lnkdbtk]q

rsqtbstqdr ]mc oqnodqshdr ne sgdrd uhs]lhmr- Bnmrdptdmskx+ uhs]lhmr

lhfgs ad sgdm trdc ]r lncdk,bnlontmcr enq etqsgdq o]qshshnmhmf ne

]khjd bnlonmdmsr hm sgdrd @SOR- Sn sgd adrs ne ntq jmnvkdcfd+ sgdqd

g]r mns addm ]mx vnqj xds hm vghbg dwodqhldms]k c]s] nm o]qshshnmhmf

ne v]sdq,rnktakd uhs]lhmr hm ODF�r]ks @SOR v]r qdonqsdc-

Sgd dwodqhldms]k deenqs b]m ad ltbg qdctbdc vhsg sgdqlncxm]lhb

lncdkr sg]s ]qd b]o]akd sn oqdchbs sgd o]qshshnmhmf ne cheedqdms uhs]lhmr

hm @SOR- Hm oqduhntr vnqjr+ ]tsgnqr sqhdc sn cdrbqhad ]mc bnqqdk]sd o]q,

shshnmhmf ne cheedqdms bnlontmcr hm @SOR trhmf lncdkr enq dw]lokd+

dwsdmcdc Bgdm,MQSK+13 Vhkrnm14 hm ODF�hmnqf]mhb r]ks @SOR ]mc vhsg

Ohsydq lncdk+15 dwsdmcdc MQSK16 ]mc lnchehdc TMHPT@B16 hm ODF�

nqf]mhb r]ks @SOR- @krn+ nmd lncdk a]rdc nm Rs]shrshb]k @rrnbh]shmf Ekthc

Sgdnqx &R@ES( g]r addm trdc enq sgd lncdkhmf ne oqnsdhm o]qshshnmhmf hm

ODF�hmnqf]mhb r]ks @SOR-17 Gnvdudq+ oqdchbshnmr ne sgd o]qshshnmhmf ne

nqf]mhb rnktsdr hm ODF�nqf]mhb r]ks @SOR trhmf ]mx oqdchbshud lncdk

g]ud mns addm xds qdonqsdc hm khsdq]stqd- Odqstqadc,Bg]hm R@ES &OB,

R@ES( g]r addm ]kqd]cx oqnonrdc enq lncdkhmf ne uhs]lhm o]qshshnmhmf

itrs hm bnmudmshnm]k rxrsdlr bnms]hmhmf nqf]mhb rnkudmsr ]mc v]sdq-18 Sn

oqdchbs sgd o]qshshnmhmf ne hnmhy]akd lnkdbtkdr hm ODF�nqf]mhb r]ks @SOR+

hs hr ne hlonqs]mbd sn bnmrhcdq sgd hmsdq]bshnmr ne cheedqdms hnmhb rodbhdr

hm ]m dkdbsqnkxsd rnktshnm- Sghr v]r cnmd hm sgd oqdrdms vnqj trhmf dkdb,

sqnkxsd OB,R@ES &dOB,R@ES( lncdk vhsg ]m hlokdldmsdc Cdaxd�Göbjdk

sdql- dOB,R@ES g]r ]kqd]cx addm ]ookhdc sn oqdchbs sgd ]bshuhsx bndeeh,

bhdmsr hm vd]j dkdbsqnkxsd rxrsdlr-2/ Hs g]r addm ]krn ]ookhdc enq

oqdchbshmf sgd khpthc�khpthc dpthkhaqh] &KKD( ne ODF�nqf]mhb r]ks rxrsdlr-20

Sgd bnmudmshnm]k lncdkhmf ]ooqn]bg trdc hm sgd oqdrdms vnqj bnmrhcdqr

] gnlnrdfldmsdc ODF bg]hm- Sgd qdpthqdc otqd,bnlonmdms dOB,R@ES

o]q]ldsdqr vdqd s]jdm eqnl sgd khsdq]stqd &ODF+ M])+ Bhsq]sd2�+ uhs]lhmr(

nq vdqd drshl]sdc ax ehsshmf sgdl sn dwodqhldms]k cdmrhshdr ]mc nrlnshb

bndeehbhdmsr ne ahm]qx v]sdq�M]1S]qsq]sd rxrsdlr &S]qsq]sd
1�(-21,27 Sgd

ahm]qx hmsdq]bshnm o]q]ldsdqr adsvddm og]rd enqldqr &ODF+ r]ks hnmr(

vdqd ehssdc sn dwodqhldms]k shd,khmdr eqnl sgd khsdq]stqd &ODF�M]2Bhsq]sd(

nq sn c]s] cdsdqlhmdc hm sghr vnqj &ODF�M]1S]qsq]sd(-
06 Sgd o]qshshnm

bndeehbhdmsr ne uhs]lhmr &UA1+ UA2]bhc+ UA2]lhcd+ UA8+ UA01( vdqd

oqdchbsdc trhmf sgd ]bshuhsx bndeehbhdmsr nas]hmdc vhsg dOB,R@ES hm d]bg

og]rd ]mc ]s cheedqdms shd,khmd bnlonrhshnmr-

Sgd oqdchbshnmr vdqd u]khc]sdc ax mdv dwodqhldms]k o]qshshnm,

bndeehbhdms c]s]- Hm sghr vnqj J u]ktdr vdqd ld]rtqdc enq ehud uhs]lhmr

&qhanek]uhm�UA1+ mhbnshmhb ]bhc�UA2]bhc+ mhbnshm]lhcd�UA2]lhcd+ enkhb

]bhc�UA8+ ]mc bx]mnbna]k]lhm�UA01( hm @SOR enqldc ax ODF &ODF

3///+ ODF 5///( ]mc nqf]mhb r]ks &M]2Bhsq]sd+ M]1S]qsq]sd( ]s

S < 187-04 J ]mc o < 0 a]q- Sgd ahmnc]k btqudr ]mc dpthkhaqhtl bnl,

onrhshnmr vdqd s]jdm eqnl sgd khsdq]stqd &ODF�M]2Bhsq]sd( nq ld],

rtqdc hm sghr rstcx &ODF�M]1S]qsq]sd(- Sgd oqdchbshnmr vdqd entmc sn

ad hm udqx fnnc ]fqddldms sn dwodqhldms]k c]s]-

1 z A:BIFPNTMC

1-0 z ChrrnbhYshnm dpthkhaqhY ne uhsYlhmr

@s sgd oG ne @SOR rstchdc hm sghr vnqj &ODF�M]2Bhsq]sd9 oG 7-14

Zanssnl[+ 7-34 Zsno[+ ODF�M]1S]qsq]sd9 oG 6-64 Zanssnl[+ 6-6/ Zsno[(

sgd v]sdq,rnktakd uhs]lhmr tmcdq bnmrhcdq]shnm ]qd mdf]shudkx bg]qfdc

&UA1�+ UA2]bhc�+ UA81�+ UA82�( nq mdtsq]k &UA2]lhcd+ UA01(- Sgd oJ]

u]ktdr mdbdrr]qx enq sgd b]kbtk]shnm ne uhs]lhm rodbhdr chrsqhatshnmr hm

d]bg @SOR og]rd g]ud addm trdc ]r qdonqsdc hm sgd khsdq]stqd28,36

&S]akd 0(- Sgd ld]m bg]qfd mtladq pld]m ne ]kk uhs]lhm rodbhdr oqd,

rdms hm ]ptdntr rnktshnm nudq cheedqdms oGr hr rgnvm hm Ehftqd 0-

Sgd adg]uhnq ne uhs]lhmr hm @SOR b]mmns ad cdrbqhadc vhsgnts bnm,

rhcdqhmf sgd dpthkhaqh] dwoqdrrhnmr enq hnmhy]akd bnlontmcr-37 @ cds]hkdc

S8AID - Chrrnbh]shnm bnmrs]msr &oJW( enq v]sdq,rnktakd uhs]lhmr
]s S < 187-04 J

UhsYlhm oBN0 oBN1 oBN2 oBN3 Pde

UA1 0-6 5-0 0/-1 28,32

UA2]bhc 1-/6 3-70 33

UA2]lhcd 2-24 34

UA8 1-27 2-23 3-6 7-0 35+36

UA01 0-71 02-88 32

VXRNBY@MRJ@ DS @K- 1 ne 02

 15475905, 2020, 10, D
ow

nloaded from
 https://aiche.onlinelibrary.w

iley.com
/doi/10.1002/aic.16984 by U

niversidade D
o Porto, W

iley O
nline Library on [12/11/2024]. 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



cdrbqhoshnm hr hmbktcdc hm Rtookdldms]qx Hmenql]shnm RH &Bg]osdq R0+

S]akd R0(- Sn rstcx sgd o]qshshnmhmf ne uhs]lhmr bnmrhcdqdc hm sghr vnqj+ hs

hr mdbdrr]qx sn knnj ]s sgd oG cheedqdmbd adsvddm sgd sno ]mc anssnl

og]rdr ne @SOR- Sgtr+ sgd lnkd eq]bshnmr ne uhs]lhm rodbhdr vdqd b]kbt,

k]sdc enq d]bg og]rd ne @SOR rdo]q]sdkx &RH Dpt]shnmr &R04( ]mc &R05((-

1-1 z dOB+R:ES lncdkhmf

dOB,R@ES…vghbg hr a]rdc nm nqhfhm]k OB,R@ES…g]r addm trdc hm

sghr vnqj sn lncdk sgd @SOR bnms]hmhmf hnmhy]akd bnlonmdmsr-38 Hm

dOB,R@ES+ sgd qdrhct]k Gdklgnksy dmdqfx &Wqdrhct]k( hr b]kbtk]sdc vhsg

cheedqdms dmdqfx bnmsqhatshnmr- Sgd odqstqa]shnmr ne sgd qdedqdmbd

g]qc,bg]hm rxrsdl+ vghbg hr qdoqdrdmsdc ax g]qc,bg]hm enqbdr &Wg]qc

bg]hm(+ nqhfhm eqnl chrodqrhud u]m cdq V]]kr ]ssq]bshnmr &Wchrodqrhnm(+

gxcqnfdm anmchmf &W]rrnbh]shnm(+ ]mc hnmhb hmsdq]bshnmr &Whnm(-4/+40

Wqdrhct]k < Wg]qc bg]hm ) Wchrodqrhnm ) W]rrnbh]shnm ) Whnm ð0p

@ bnlonmdms h hr cdrbqhadc ax sgqdd otqd,bnlonmdms o]q]ldsdqr9

sgd rdfldms mtladq &lrdf
h (+ sgd rdfldms ch]ldsdq &�h(+ ]mc sgd

chrodqrhnm,dmdqfx o]q]ldsdq &th.jA(- He sghr bnlonmdms hr ]rrnbh]shmf+

svn ]cchshnm]k ehsshmf o]q]ldsdqr ]qd hmsqnctbdc9 sgd ]rrnbh]shnm,

dmdqfx o]q]ldsdq &ε:hAh:jA (+ ]mc sgd ]rrnbh]shnm,unktld o]q]ldsdq

&j:hAh (- Adrhcdr sg]s+ ]krn sgd mtladq ne ]rrnbh]shnm rhsdr &Mh
Wrrnb( hr

]rrhfmdc adenqd lncdkhmf- @r uhs]lhmr ]qd hnmhy]akd bnlonmdmsr ]mc

sgdx b]m ad bg]qfdc hm sgd ]ptdntr rxrsdlr+ sgd Bntknla hmsdq]b,

shnmr ]qd bnmrhcdqdc ax ]bbntmshmf enq sgd bg]qfd- Sn lncdk sgd lhw,

stqdr vhsg dOB,R@ES+ bnlahmhmf qtkdr eqnl Adqsgdkns�Knqdmsy41+42 ]mc

Vnka]bg�R]mckdq43 &Dpt]shnmr &1(�&4(( vdqd trdc- Sxohb]kkx+ sgd ahm]qx

hmsdq]bshnm o]q]ldsdq &jhi( hr qdpthqdc sn lncdk lhwstqdr ]bbnqchmf sn9

�hi <
0
1
 �h ) � i

 
ð1p

thi <
qqqqqqqqqqq
th t i
6  0�jhi

 
ð2p

ε�BAi <
0
1
 ε�BAB ) ε: iAi
 

ð3p

κ:hAi <
qqqqqqqqqqqqqqqqqqqq
κ:hAh  κ:iAi

X

1  qqqqqqqqqqq

�h � i
6

�h ) � i

 
�  2

ð4p

Enq lncdkhmf sgd o]qshshnmhmf ne uhs]lhmr hm @SOR sgd hmsdq]bshnmr

vdqd bnmrhcdqdc ]r rbgdl]shb]kkx oqdrdmsdc hm Ehftqd 1- @s oG ≈ 7

&bnmrhcdqdc hm sghr vnqj( itrs mdtsq]k rodbhdr &UHS( ]mc mdf]shudkx

bg]qfdc &UHS�( uhs]lhm rodbhdr ]qd dwodbsdc vghkd sgd onrhshud &UHS)(

rodbhdr vhkk mns ad oqdrdms-

Sgd ]bshuhsx bndeehbhdms ne ] bnlonmdms h v]r b]kbtk]sdc trhmf

dOB,R@ES ]bbnqchmf sn Dpt]shnm &5(+ hm vghbg sgd etf]bhsx bndeehbhdms

ne sgd lhwstqd &φh( hr chuhcdc ax sgd etf]bhsx bndeehbhdms ne sgd otqd

bnlonmdms &φ.h(-

γh <
φh
φ/h

ð5p

@bshuhsx bndeehbhdmsr ]qd qdpthqdc enq lncdkhmf sgd @SOR ]mc sgd

J u]ktdr+ rdd sgd enkknvhmf bg]osdqr-

1-2 z OgYrd dpthkhaqhY ne :SOR

Ahm]qx ODF.hnm hmsdq]bshnm o]q]ldsdqr &jhi( qdpthqdc hm Dpt]shnm &2(

vdqd ehssdc sn KKD- @mx KKD vhsg m bnlonmdmsr hr b]kbtk]sdc sgqntfg

sgd hrn]bshuhsx dwoqdrrhnm- Hm Dpt]shnm &6(+ γHh ]mc γHHh qdoqdrdms sgd

]bshuhsx bndeehbhdmsr nas]hmdc vhsg dOB,R@ES ]mc wHh ]mc wHHh ]qd sgd

dpthkhaqhtl lnkd eq]bshnmr ne bnlonmdms h hm sgd og]rdr H ]mc HH+

qdrodbshudkx- Sn b]kbtk]sd sgd ]bshuhsx bndeehbhdmsr hm @SOR+ dOB,R@ES

qdpthqdr sgd o]q]ldsdqr ne ]kk bnlonmdmsr oqdrdms hm rnktshnm-

E HFTPD - Sgd ld]m bg]qfd mtladq pld]m ne ]kk rodbhdr hm
]ptdntr rnktshnm &b]kbtk]sdc eqnl sgd hnmhb chrsqhatshnm trhmf oJ]
u]ktdr eqnl S]akd 0( ]r ] etmbshnm ne oG- Khmdr9 c]rgdc…UA2 &fq]x…
UA2]lhcd+ ak]bj…UA2]bhc(+ rnkhc…UA1+ c]rgdc,cns…UA8+ cnssdc…
UA01- Udqshb]k khmdr9 ODF ) M]2Bhsq]sd &fq]x(+ ODF ) M]1S]qsq]sd
&ak]bj(- Sgd vhcsg ne sgd udqshb]k oqdrdmsr sgd oG q]mfd ne sgd svn
og]rdr ne sgd ]ptdntr svn,og]rd rxrsdlr &@SORr(

E HFTPD 1 Hmsdq]bshnmr adsvddm bnlonmdmsr oqdrdms hm uhs]lhm
o]qshshnmhmf hm sgd ]ptdntr svn,og]rd rxrsdl &@SOR( bnmrhcdqdc hm sghr
vnqj- Eq]bshnmr ne uhs]lhm ]mc r]ks cdodmc nm oG- Rnkhc khmdr9 sgd
hmsdq]bshnmr bnmrhcdqdc hm sghr vnqj enq dkdbsqnkxsd odqstqadc,bg]hm
&dOB(,rs]shrshb]k ]rrnbh]shmf ekthc sgdnqx &R@ES( lncdkhmf: c]rgdc khmdr9
sgdnqdshb]kkx onrrhakd hmsdq]bshnmr adsvddm cheedqdms uhs]lhmr rodbhdr
oqdrdms hm ]ptdntr rnktshnm…enq rhlokhehb]shnm mns bnmrhcdqdc hm
dOB,R@ES lncdkhmf: cnssdc khmdr9 hmsdq]bshnmr vghbg bntkc ad
bnmrhcdqdc ax dOB,R@ES he onrhshudkx bg]qfdc rodbhdr vdqd oqdrdms
hm rnktshnm

2 ne 02 VXRNBY@MRJ@ DS @K-
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wHhγ
H
h < w

HH
h γ

HH
h h<0+•+m ð6p

1-3 z OYqshshnmhmf ne uhsYlhmr hm :SOR

Sgd dwodqhldms]kkx ]bbdrrhakd oqnodqsx hr sgd o]qshshnm bndeehbhdms

Jdwo
uhs+snsWk + vghbg cdmnsdr sgd q]shn ne sgd sns]k uhs]lhm lnkd eq]bshnm

hm sgd ehqrs Og]rd H nudq sgd sns]k uhs]lhm lnkd eq]bshnm hm sgd rdb,

nmc Og]rd HH- @bbdrr sn lncdkhmf J u]ktdr hr qd]khydc ax ]bshuhsx

bndeehbhdmsr ne sgd uhs]lhm hm sgd qdrodbshud og]rdr- @r v]sdq,

rnktakd uhs]lhmr ]qd trt]kkx oqdrdms ]s udqx rl]kk bnmbdmsq]shnmr+

sgd hmehmhsd chktshnm ]bshuhsx bndeehbhdms γ∞uhs hr udqx qdkdu]ms+ rdd

Dpt]shnm &7(-

khl
wuhs�/

γuhs < γ
∞
uhs ð7p

Enq mdtsq]k bnlonmdmsr+ sgd oqnbdctqd hr q]sgdq rhlokd- Sgd b]rd

hr cheedqdms enq bg]qfdc uhs]lhmr- Cdodmchmf nm sgd oG ne @SOR+ rdu,

dq]k uhs]lhmr b]m ad oqdrdms ]r cheedqdms rodbhdr hm rnktshnm- Sgtr+ ]

bnmmdbshnm adsvddm sgd dwodqhldms]kkx nardqudc Jdwo
uhs+snsWk ]mc sgd

u]ktd nas]hmdc ax sgdqlncxm]lhb lncdkhmf hr qdpthqdc- Sgd o]qshshnm

bndeehbhdms ]s hmehmhsd chktshnm Joqdc+∞
uhs+i ne ] uhs]lhm rodbhdr i hr cdehmdc

]r sgd bnmbdmsq]shnmr q]shn &hm lnkd eq]bshnm ]mc wHuhs ]mc w
HH
uhs( ne rodbhdr

i hm sgd svn Og]rdr H &ODF og]rd( ]mc HH &r]ks og]rd(+ qdrodbshudkx

&Dpt]shnm &8((-44

Joqdc+∞
uhs+i <

wHuhs+i
wHHuhs+i

<
γ+∞+HHuhs+i

γ∞+Huhs+i

ð8p

hm vghbg γ∞+Huhs ]mc γ∞+HHuhs ]qd sgd ]bshuhsx bndeehbhdmsr ]s hmehmhsd chktshnm hm

sgd svn og]rdr- O]qshshnm bndeehbhdmsr ghfgdq sg]m tmhsx hmchb]sd sg]s

sgd uhs]lhm rodbhdr hr o]qshshnmdc lnrskx sn sgd sno &hm sghr vnqj9 ODF(

Og]rd H- He hs hr knvdq sg]m nmd+ sgd uhs]lhm rodbhdr ]qd oqdedq]akx oqd,

rdms hm sgd anssnl &hm sghr vnqj9 r]ks( Og]rd HH-

Sgd bg]qfd ne uhs]lhm rodbhdr hr dwokhbhskx bnmrhcdqdc hm dOB,

R@ES lncdkhmf- Sgd dOB,R@ES otqd,bnlonmdms o]q]ldsdqr ]mc

ahm]qx hmsdq]bshnm o]q]ldsdqr enq cheedqdms rodbhdr g]ud addm

qdonqsdc hm sgd oqduhntr vnqjr-18+24+27 Sgd dwodqhldms]kkx ld]rtqdc

o]qshshnm bndeehbhdms ne ] uhs]lhm adsvddm sgd ODF og]rd ]mc sgd r]ks

og]rd hr sgd sns]k o]qshshnm bndeehbhdms rtlldc nudq ]kk sgd uhs]lhm

rodbhdr oqdrdms hm @SOR &Joqdc+∞
uhs+snsWk (- Sghr u]ktd cheedqr eqnl sgd dOB,

R@ES oqdchbsdc Joqdc+∞
uhs+i he oGH !¼ oGHH+ vgdqd H ]mc HH ]qd sgd Og]rdr

H ]mc HH- Bnmudqrhnm adsvddm sgd svn u]ktdr qdpthqdr sgd rodbhdr chr,

sqhatshnmr &Dpt]shnm &0/((-

Joqdc+∞
uhs+snsWk <J

oqdc+∞
uhs+i 

αHHi
αHi

ð0/p

Ctd sn ] cheedqdmbd hm oG adsvddm sgd @SOR og]rdr+ sgd chrsqhat,

shnmr ne d]bg uhs]lhm rodbhdr vdqd b]kbtk]sdc rdo]q]sdkx enq Og]rdr

H ]mc HH- Sn cdsdqlhmd sgd rodbhdr eq]bshnmr αHi ]mc αHHi + sgd oJ] u]ktdr

eqnl sgd oqduhntr Rdbshnm 1-0 vdqd trdc &RH+ Dpt]shnmr &R04(

]mc &R05((-

2 z L:SDPH:KR :MC DWODPHLDMS:K
LDSGNCR

2-0 z LYsdqhYkr

Sgd v]sdq,rnktakd uhs]lhmr bnmrhcdqdc hm sghr vnqj ]qd qhanek]uhm

&UA1(+ mhbnshmhb ]bhc &UA2]bhc(+ mhbnshm]lhcd &UA2]lhcd(+ enkhb ]bhc

&UA8(+ ]mc bx]mnbna]k]lhm &UA01(- ODF ne svn cheedqdms ]udq]fd

lnkdbtk]q vdhfgsr9 3+/// ]mc 5+/// f.lnk g]r addm otqbg]rdc eqnl

Rhfl],@kcqhbg- @kk sgd chktshnmr ]mc rsnbj rnktshnmr vdqd oqdo]qdc hm

cdhnmhydc Lhkkhonqd v]sdq &Ldqbj JF]@(- Sgd uhs]lhmr rsnbj rnktshnmr

ne UA2 vdqd oqdo]qdc itrs vhsg v]sdq+ vghkd sgd rsnbj rnktshnmr ne

onnqkx v]sdq,rnktakd UA1+ UA8+ ]mc UA01+ qdpthqdc ]cchmf rnchtl

gxcqnwhcd cqnovhrd sn hmbqd]rd sgd rnktahkhsx sgqntfg oG bg]mfd ne

0 tmhs ]s l]whltl &ehm]k oG ≈ 5 enq ]kk sgqdd uhs]lhm rnktshnmr(- Sgd

B@R mtladqr+ otqhshdr+ ]mc rtookhdqr ]qd oqnuhcdc hm S]akd 1- @kk oqnc,

tbsr vdqd trdc ]r rtookhdc vhsgnts ]mx etqsgdq otqhehb]shnm- Sgd

bgdlhb]kr vdqd vdhfgsdc nm Ldsskdq Snkdcn ]m]kxshb]k a]k]mbd &WR1/4

Ct]k Q]mfd( vhsg ]m tmbdqs]hmsx ne '/-/0 lf-

2-1 z LdYrtqhmf :SOR+ogYrd chYfqYlr

Sgd ahmnc]k btqudr ne sgd @SOR vdqd cdsdqlhmdc vhsg sgd bkntc,onhms

ldsgnc ]bbnqchmf sn sgd oqnbdctqd oqduhntrkx qdonqsdc hm khsdq],

stqd-06+45 Cheedqdms ]lntmsr ne ]ptdntr rsnbj rnktshnmr+ bnms]hmhmf

ODF ]mc M]1S]qsq]sd+ vdqd ]ccdc sn ]rr]x stadr+ sgnqntfgkx lhwdc hm

] unqsdw &UVQ+ lncdk UU2( ]mc ok]bdc hm ] sgdqlnrs]shb a]sg &Sdbgmd+

Sdlodssd SD,7C( ]s S < 187-04 ' /-1 J- Sgdm+ v]sdq v]r ]ccdc

cqnovhrd sn sgd stadr trhmf ] rxqhmfd- Sgd stadr vdqd ]f]hm lhwdc ]mc

knb]sdc hm ] sgdqlnrs]shb a]sg- Sgd oqnbdctqd v]r qdod]sdc tmshk nmd

gnlnfdmdntr og]rd v]r oqdrdms- Sn cdsdqlhmd sgd shd,khmdr+ @SOR

vhsg cheedqdms v]sdq ) ODF ) M]1S]qsq]sd eddc bnlonrhshnmr+ vhsghm

sgd ahog]rhb qdfhnm+ vdqd oqdo]qdc hm 04 lk stadr- Sgd stadr vdqd

sgdm uhfnqntrkx rg]jdm enq 1 lhm hm ] unqsdw lhwdq ]mc kdes enq og]rd

rdo]q]shnm enq ]s kd]rs 37 gq ]s S < 187-04 ' /-1 J hm ] sgdqlnrs]shb

a]sg- Oqdkhlhm]qx rstchdr onhmsdc nts sgdrd shldr ]r qdpthqdc enq sgnq,

ntfg lhwhmf ]mc sns]k og]rd rdo]q]shnm- Bnmbdmsq]shnmr ne ODF ]mc

r]ks vdqd cdsdqlhmdc hm ansg og]rdr ]r cdrbqhadc hm khsdq]stqd-06+45+46

Oqhnq sn sghr+ sgd r]lokdr vdqd vhsgcq]vm hm sqhokhb]sd vhsg ] rxqhmfd

]mc ]ooqnoqh]sdkx chktsdc vhsg v]sdq- Sgd r]ks bnmbdmsq]shnmr hm d]bg

og]rd vdqd ld]rtqdc hm sqhokhb]sd vhsg ] oqdbhrhnm ne '/-4� ]s

S < 187-04 J ax dkdbsqhb]k bnmctbshuhsx &Bqhrnm FKO20 Ldsdq(- Sgd b]kh,

aq]shnm btqud v]r oqdo]qdc trhmf rs]mc]qc rnktshnmr ne jmnvm r]ks

bnmbdmsq]shnm ne /-4�1/ lL- Hm sghr q]mfd+ mn onkxldq hmsdqedqdmbd

v]r nardqudc- Onkxldq bnmbdmsq]shnmr hm ansg og]rdr vdqd cdsdq,

lhmdc fq]uhldsqhb]kkx+ ]esdq kxnoghkhy]shnm ]bbnqchmf sn otakhrgdc dkrd,

vgdqd oqnbdctqd-06+45+46 R]lokdr ne sgd sno.anssnl og]rd vdqd

chktsdc vhsg v]sdq ]mc eqnydm &S < 144 ' 0 J( enq ]s kd]rs 13 gq- Sgdm+

sgdx vdqd ok]bdc hm eqddyd,cqxdq enq ]s kd]rs 61 gq- Enkknvhmf sgd oqn,

bdctqd eqnl sgd khsdq]stqd+ sgd onkxldq bnmbdmsq]shnmr vdqd b]kbtk]sdc

ax rtasq]bshmf r]ks bnmbdmsq]shnmr eqnl l]rrdr ne cqhdc og]rd enqldqr

VXRNBY@MRJ@ DS @K- 3 ne 02
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hm d]bg og]rd-06+45+46 Sgd SKK vdqd cdsdqlhmdc ]r rgnvm hm Dpt],

shnm &00(+ vgdqd vH
O + v

HH
O + ]mc v

H
R+v

HH
R ]qd sgd l]rr eq]bshnmr ne ODF nq

rnchtl r]ks hm sgd sno &H( ]mc anssnl &HH( og]rdr ]s dpthkhaqhtl-

SKK<
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
vH
O�v

HH
O

 1
) vH

R�v
HH
R

 1
p

ð00p

Hs hr udqx bnllnm hm khsdq]stqd sn oqnuhcd og]rd dpthkhaqhtl bnl,

onrhshnmr ne @SOR hm l]rr eq]bshnmr ]mc sn b]kbtk]sd SKK a]rdc nm sghr

tmhs ne bnmbdmsq]shnm- Sgtr+ enq adssdq c]s] bnlo]qhrnm adsvddm che,

edqdms rntqbdr+ og]rd bnlonrhshnmr ]qd fhudm hm sghr vnqj a]rdc nm

l]rr eq]bshnm- Sgd l]rr eq]bshnmr vh b]m ad bnmudqsdc sn lnkd eq]b,

shnmr wh vhsg Dpt]shnmr &01( ]mc &02( &O�ODF+ R Zb]shnm9 MW
�+ ]mhnm9

Wmhnm�[�r]ks+ V�v]sdq(- Hm sgdrd dpt]shnmr+ uh cdmnsdr sgd mtladq ne

lnkdr hmsn vghbg ] r]ks chrrnbh]sdr hm ]ptdntr rnktshnm- Hm sgd @SOR

rstchdc hm sghr vnqj+ bhsq]sdr ]mc s]qsq]sdr etkkx chrrnbh]sd kd]chmf sn

sgd oqdrdmbd ne M]) ]mc Bhsq]sd2� nq S]qsq]sd1� hm ] rnktshnm

&αbhsqWsd2� < αsWqsqWsd1� </�88p - Enq sghr qd]rnm+ nmkx sgdrd sgqdd hnm rod,
bhdr vdqd bnmrhcdqdc enq dOB,R@ES lncdkhmf-

wh <
vh
Lh

vO
LO
) uMW) ) uWmhnm�ð p  vR

LR
) vV

LV

h<ODF+v]sdq ð01p

wh <
uh  v

LR
vO
LO
) uMW) ) uWmhnm�ð p  vR

LR
) vV

LV

h<M]) +]mhnm ð02p

Dwodqhldms]k qdrtksr b]m ad entmc hm Ehftqd R1+ S]akd R1+ ]mc

S]akd R2 &RH(-

2-2 z LdYrtqhmf oYqshshnm bndeehbhdmsr

Ld]rtqhmf o]qshshnmhmf ne uhs]lhmr hm @SOR v]r b]qqhdc nts trhmf sgd

oqnbdctqd oqduhntrkx otakhrgdc hm khsdq]stqd-00+06 @SOR vdqd oqdo]qdc

eqnl rsnbj rnktshnmr bnms]hmhmf ODF 3/// nq ODF 5/// ]mc r]ks

&M]2Bhsq]sd+ M]1S]qsq]sd( ]bbnqchmf sn S]akd R2 &RH(- Sgd ]cchshnmr ne

bnlonmdmsr vdqd cnmd trhmf ]m ]tsnl]shb ohodssd &Ltkshohodssd

WRsqd]l+ Doodmcnqe(- Sgd stadr bnms]hmhmf v]sdq+ ODF ]mc r]ks+ vhsg

nq vhsgnts uhs]lhm+ vdqd uhfnqntrkx rg]jdm enq 1 lhm nm ] unqsdw

lhwdq ]mc qhfgs ]esdq sg]s bdmsqhetfdc enq 04 lhm ]s 02-3 � 0/2 qol

&Lhmhrohm+ Doodmcnqe( sn nas]hm og]rd rdo]q]shnm- Enq sgd mdws 1 gq+

sgdx vdqd kdes ]s S < 187-04 J enq sns]k hmsdqe]bd bkd]q]mbd- Ctqhmf

sghr dpthkhaq]shnm shld+ sgd sdlodq]stqd v]r bnmsqnkkdc vhsg ]hq bnmch,

shnmhmf- R]lokdr vhsgcq]vm hm ctokhb]sd eqnl d]bg og]rd ne @SOR

&vhsg nq vhsgnts uhs]lhm( vdqd ]ooqnoqh]sdkx chktsdc vhsg v]sdq sn

]unhc hmsdqedqdmbdr eqnl ODF ]mc r]ks- @esdqv]qc+ sgd ]arnqa]mbd ne

]khptnsr eqnl sgd sno ]mc anssnl og]rdr vdqd ld]rtqdc rodbsqnogn,

snldsqhb]kkx trhmf tksq]uhnkds�uhrhakd &TU�uhr( rodbsqnrbnox ]s

λl]w&UA1( < 16/ ml+ λl]w&UA2
]bhc( < 15/ ml+ λl]w&UA2

]lhcd( < 15/ ml+

λl]w&UA8( < 17/ ml+ λl]w&UA01( < 25/ ml+ ]mc ektnqdrbdmbd

λdlhrrhnm&UA1( < 41/ ml+ λdwbhs]shnm&UA1( < 16/ ml &TU�UHR rodbsqn,

ognsnldsdq9 Sgdqln Rbhdmshehb U]qhnrj]m Ek]rg(-27 Sgd ]arnqa]mbd

v]r ]krn cdsdqlhmdc enq ]khptnsr ne @SOR mns bnms]hmhmf uhs]lhm-

Sgdrd u]ktdr vdqd ]klnrs ydqn+ dmrtqhmf sg]s sgdqd ]qd mn hmsdqedq,

dmbdr ne ODF ]mc r]ks hm sgdrd ld]rtqdldmsr- Eqnl b]khaq]shnm btqudr

&ld]rtqdc oqhnq sn sghr rsdo(+ hs v]r onrrhakd sn b]kbtk]sd sgd lnkd

eq]bshnm ne uhs]lhm hm d]bg og]rd enq cheedqdms shd,khmd bnlonrhshnmr-

Sgd dwodqhldms]k o]qshshnm bndeehbhdms Jdwo+w
uhs+snsWk ]s ghfg uhs]lhm chktshnm

v]r cdsdqlhmdc trhmf Dpt]shnm &03(-

Jdwo+w
uhs+snsWk <

wHuhs
wHHuhs

ð03p

D]bg uhs]lhm bnmrhcdqdc hm sghr vnqj+ dwbdos UA8+ hr etkkx oqdrdms

]r itrs nmd rodbhdr hm ansg @SOR Og]rdr H ]mc HH+ ]mc sgd sns]k dwodqh,

ldms]k o]qshshnm bndeehbhdms Juhs+ snsWk hr sgdm sgd r]ld ]r enq sgd

qdrodbshud rodbhdr o]qshshnm bndeehbhdms Juhs+ i- Hm b]rd ne UA8+ svn rod,

bhdr &UA81�+ UA82�( vhkk ad oqdrdms ]s sgd bnmchshnmr tmcdq hmudrshf],

shnm &oG ≈ 7(- Sgtr+ ansg rodbhdr vhkk bnmsqhatsd sn sgd sns]k ld]rtqdc

o]qshshnm bndeehbhdms- Sgd svn rodbhdr ne UA8 &UA81�+ UA82�( vhkk ad

cheedqdmskx o]qshshnmdc hm @SOR ctd sn ] oG cheedqdmbd adsvddm sgd

og]rdr- Sghr b]m ad bnmrhcdqdc vhsg Dpt]shnm &04( vghbg hmbktcdr sgd

rodbhdr eq]bshnmr αHi ]mc α
HH
i hm Og]rdr H &sno( ]mc HH &anssnl(- Sgdrd eq]b,

shnmr ]qd a]rdc nm sgd oG,cdodmcdms rodbhdr chrsqhatshnm hm @SOR

og]rdr &qdrtksr enq rodbhdr chrsqhatshnm b]m ad entmc hm RH hm S]akd R0(-

S8AID 1 R]lokd oqnudm]mbd

BnlonmdmsY B:R Rtookhdq LYrr eqYbshnm otqhsx

UA1 72,77,4 Rhfl] �/-87

UA2]bhc 48,56,5 Rhfl],@kcqhbg �/-87

UA2]lhcd 87,81,/ Rhfl],@kcqhbg �/-87

UA8 48,2/,2 Rhfl] �/-86

UA01 57,08,8 Rhfl] �/-87

M]2Bhsq]sd 5021,/3,2 Rhfl],@kcqhbg �/-88

M]1S]qsq]sd 50/5,13,6 Rhfl],@kcqhbg �/-88

ODF 14211,57,2 Rhfl],@kcqhbg

M]NG 020/,62,1 Rhfl],@kcqhbg �/-86

]UA1 < qhanek]uhm- UA2]bhc < mhbnshmhb ]bhc- UA2]lhcd < mhbnshm]lhcd- UA8 < enkhb ]bhc- UA01 < bx]mnbna]k]lhm- M]2Bhsq]sd < M]2B5G4N61G1N-
M]1S]qsq]sd < M]1B3G3N51G1N-

4 ne 02 VXRNBY@MRJ@ DS @K-
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Jdwo+w
uhs+i <J

dwo+w

uhs+snsWk

αHi
αHHi

ð04p

Dwodqhldms]k qdrtksr b]m ad entmc hm S]akdr R3 ]mc R4 &RH(-

3 z PDRTKSR :MC CHRBTRRHNM

3-0 z dOB+R:ES oYqYldsdq drshlYshnm

Sgd otqd,bnlonmdms o]q]ldsdqr ]mc ahm]qx hmsdq]bshnm dOB,R@ES

o]q]ldsdqr trdc hm sghr vnqj ]qd oqdrdmsdc hm S]akdr 2 ]mc 3+ qdrodb,

shudkx- dOB,R@ES o]q]ldsdqr enq @SOR og]rd enqldqr ]qd ]u]hk]akd hm

sgd khsdq]stqd- Qdrbgjd ds ]k-20 oqdrdmsdc ] oqnlhrhmf ]ooqn]bg enq

dOB,R@ES lncdkhmf ne @SOR bnms]hmhmf nqf]mhb r]ksr ]mc ODF vhsg ]

kns ne onrrhakd ahm]qx hmsdq]bshnm o]q]ldsdqr &bnonkxldq ]ooqn]bg enq

ODF ]mc onkxrdfldmsdc ]ooqn]bg enq nqf]mhb ]mhnm(- Hm sghr vnqj+ vd

g]ud bnlo]qdc sgd lncdkhmf ]ooqn]bg eqnl Qdrbgjd ds ]k-20 sn sgd

ltbg rhlokdq bk]rrhb]k dOB,R@ES ]ooqn]bg &gnlnrdfldmsdc ODF+

rogdqhb]k Bhsq]sd2�(-21,23 @kk o]q]ldsdqr ]r vdkk ]r sgd dwodqhldms]k

@SOR c]s] enq sghr bnlo]qhrnm vdqd ]u]hk]akd hm sgd khsdq]stqd enq sgd

KKD ne sgd rxrsdl v]sdq�ODF�M]2Bhsq]sd ]s 187-04 J ]mc 0 a]q- Sgd

qdrtksr ]qd mns rgnvm gdqd+ ats enq sgd lncdkhmf ne o]qshshnmhmf hs v]r

nardqudc sg]s ansg lncdkhmf rsq]sdfhdr &Qdrbgjd20 ur- bk]rrhb]k dOB,

R@ES vhsg gnlnrdfldmsdc ODF ]mc rogdqhb]k Bhsq]sd2�( cn mns cduh,

]sd ltbg: okd]rd mnsd+ sg]s sgd ldsgnc ne Qdrbgjd ds ]k- g]r rdudq]k

nsgdq ]cu]ms]fdr+ vghbg hr etqsgdq chrbtrrdc hm Qdrbgjd-20 Gnvdudq+

hm sgd enkknvhmf+ sgd ]ooqn]bg ne Qdrbgjd20 hr mns etqsgdq trdc+ ]mc ]kk

qdrtksr vdqd nas]hmdc vhsg bk]rrhb]k dOB,R@ES qduhrdc eqnl 1/03-

Okd]rd mnsd+ sg]s sgd mdvdrs dOB,R@ES ]cu]mbdldms ne Aöknv ds ]k-54

v]r mns bnmrhcdqdc hm sghr vnqj ]r sgd o]q]ldsdqr enq ]kk hnmr qdpthqdc hm

sgd oqdrdms vnqj ]qd mns xds ]u]hk]akd- Sgd o]q]ldsdqr enq S]qsq]sd1�

vdqd ehssdc sn dwodqhldms]k cdmrhshdr ]mc nrlnshb bndeehbhdmsr ne ahm]qx

v]sdq�M]1S]qsq]sd rnktshnmr+
25+26 ]mc S]qsq]sd1� v]r sqd]sdc dpt]kkx ]r

S8AID 2 dOB,R@ES otqd,bnlonmdms o]q]ldsdqr ne ]kk bnlonmdmsr bnmrhcdqdc hm sghr vnqj

Bnlonmdms kg
pce %�( � g %|( sg.iA %I( ε�gAg.iA %I( κ�gAg %�( Kg

Nppma Y BgYqfd mtladq %�( Pde-

V]sdq 0-1/4 a 242-84 1+314-56 /-/34 0.0 47

UA1� 04-813 1-52 04/-204 1+437-00 /-/23 4.4 �0 24

UA2]bhc� 7-/77 1-2411 1/8-/34 0+/77-45 /-//1 2.0 �0 24+ SVb

UA2]lhcd 3-538 0-6032 055-14 0+/45-1/ /-//1 0.0 / 18

UA81� 05-606 1-58/6 041-/05 1+268-36 /-/23 7.3 �1 24

UA82� 05-606 1-58/6 041-/05 1+268-36 /-/23 0/.1 �2 24

UA01 10-743 3-/4 235-34 1+025-45 /-/0 12.5 / 24+27

M]) 0 1-71 12/ … … … )0 23

Bhsq]sd2� 0 3-35 14/ … … … �2 21

S]qsq]sd1� 0 3-38 1// … … … �1 SVb

ODF LODF/-/4/ 1-8 1/3-5 0+688-7/ /-/1 1.1 / 22

@aaqduh]shnmr9 dOB,R@ES+ dkdbsqnkxsd Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx-
]@rrnbh]shnm rbgdld9 @bbdosnq.cnmnq-
a�h < 1-6816 ) 0/-00dwo&�/-/0664S ZJ[( � 0-306dwo&�/-/0035S ZJ[(-
bSV < sghr vnqj-

S8AID 3 dOB,R@ES ahm]qx hmsdq]bshnm o]q]ldsdqr enq ]kk bnlonmdmsr bnmrhcdqdc hm sghr vnqj

MY) BhsqYsd2� SYqsqYsd1� ODF VYsdq

M]) … �0 21 �0 / /-///35 23

Bhsq]sd2� … … /-0 �/-11576 21

S]qsq]sd1� … … /-/6 �/-1//1

ODF … �/-024 22

UA1� / /-28 /-18 /-031 �5-0/ � 0/�1 24

UA2]bhc� / /-37 /-0 / �5-2/ � 0/�1

UA2]lhcd / / �/-14 / 0-53 � 0/�1 18

UA81� / /-81 /-5 /-048 �3-// � 0/�1 24

UA82� / /-84 /-34 /-00 �2-1/ � 0/�1 24

UA01 �/-1 �/-057 �/-/7 / �1-00 � 0/�1 24

@aaqduh]shnmr9 dOB,R@ES+ dkdbsqnkxsd Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx: ODF+ onkxdsgxkdmd fkxbnk-
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Bhsq]sd2� ]r rogdqhb]k hnm- Sgd qdrtksr ne sghr lncdkhmf ]qd hm fnnc ]fqdd,

ldms vhsg dwodqhldms]k c]s] &Ehftqd 2(- Sgd ]udq]fd qdk]shud cduh]shnm

&@QC�( adsvddm dOB,R@ES lncdkhmf ]mc dwodqhldms]k cdmrhshdr vhsg

MO mtladq ne c]s] onhmsr v]r b]kbtk]sdc vhsg Dpt]shnm &05( ]mc xhdkcr

@QC� < /-27�- Sgd cduh]shnmr adsvddm dwodqhldms]k ]mc lncdkdc

nrlnshb bndeehbhdmsr &@QC� < 2-35�( ]qd ]krn ]bbdos]akd ]r dwodqhldm,

s]k tmbdqs]hmsx hr hm sgd r]ld nqcdq ne l]fmhstcd-

:PC�<0//  0
MO


!MO

j <0

0�
ρlnc

ρdwo

 

j



 ð05p

Sn ]bbtq]sdkx cdrbqhad sgd hmsdq]bshnmr adsvddm sgd @SOR og]rd

enqldqr sgd ahm]qx ODF�r]ks hnmr hmsdq]bshnm o]q]ldsdqr &jhi( vdqd

ehssdc sn sgd dpthkhaqhtl bnlonrhshnmr eqnl sgd khsdq]stqd nq ld]rtqdc

hm sghr rstcx-06 Ahmnc]k c]s] ]mc shd,khmd c]s] ne @SOR ]qd hmbktcdc hm

S]akdr R1 ]mc R2 &RH(+ qdrodbshudkx- Sgd shd,khmd bnmbdmsq]shnmr ne ]kk

bnlonmdmsr enqlhmf sgd @SOR vdqd cdsdqlhmdc trhmf hrn]bshuhsx

bqhsdqh] vhsg hnm,]udq]fdc ]bshuhshdr &lnqd cds]hkr ]qd fhudm dkrd,

vgdqd23(- Sgd ]udq]fd ]arnktsd cduh]shnmr &@@C( b]kbtk]sdc enq ansg

og]rdr vhsg Dpt]shnm &06( vdqd ≤/-/18+ vghbg hr ]m dwodbsdc qdrtks

enq lncdkhmf @SOR bnlo]qdc sn khsdq]stqd-15+20

@@C<
0
k
 0
l
0
m

!h !l

h<0

!m

i<0

v i+dwo
h �v i+lnc

h


 ð06p

Sgd @@C u]ktdr eqnl sgd lncdkhmf ne ]kk @SOR bnmrhcdqdc hm sghr

vnqj ]qd khrsdc hm S]akd 4- Nmd dw]lokd enq lncdkhmf qdrtksr ne sgd

@SOR ODF�M]2Bhsq]sd enq svn cheedqdms ODF lnkdbtk]q vdhfgsr &3+///

]mc 5+/// f.lnk( hr oqdrdmsdc hm Ehftqd 3+ vghbg hkktrsq]sdr sgd qd]rnm,

]akd lncdkhmf qdrtksr bnlo]qdc sn dwodqhldms]k c]s]- Hs hr vnqsg sn

mnsd sg]s sgdrd qdrtksr nmkx ]hldc ]s cdsdqlhmhmf sgd hmsdq]bshnm

o]q]ldsdqr adsvddm og]rd enqldqr hm @SOR ]r khrsdc hm S]akd 3- Sgd

dOB,R@ES lncdkdc dpthkhaqhtl bnlonrhshnmr vdqd mns trdc ]r hmots

enq sgd oqdchbshnm ne sgd o]qshshnm bndeehbhdmsr+ q]sgdq sgd dwodqhldms]k

dpthkhaqhtl bnlonrhshnmr vdqd trdc enq sghr otqonrd-

Sgd otqd,bnlonmdms o]q]ldsdqr ne uhs]lhmr vdqd ]kqd]cx otakh,

rgdc dkrdvgdqd-18+24+27 Sgd jhi adsvddm v]sdq ]mc mdf]shudkx bg]qfdc

uhs]lhmr UA1�+ UA81�+ ]mc UA82� vdqd ehssdc sn oG,cdodmcdms rnkt,

ahkhsx c]s] hm oqduhntr vnqj-27 Sgd jhi v]sdq�UA2
]bhc� v]r drshl]sdc hm

sghr rstcx trhmf oG,cdodmcdms rnktahkhshdr qdonqsdc hm oqduhntr vnqj

]mc ]bbnqchmf sn sgd ]ooqn]bg eqnl sgd khsdq]stqd &RH+ Ehftqd R0(-24

Sgd jhi u]ktdr adsvddm uhs]lhmr ]mc @SOR og]rd enqldqr ]qd bnmrhc,

dqdc vhsg dOB,R@ES enq sgd enkknvhmf o]hqr9 uhs]lhm�ODF+ uhs]lhm�

M])+ ]mc uhs]lhm�r]ks ]mhnm &S]qsq]sd1�+ Bhsq]sd2�(- Sghr lncdkhmf hr

cdrbqhadc hm lnqd cds]hk hm sgd mdws rdbshnmr-

3-1 z Oqdchbshmf sgd uhsYlhm oYqshshnmhmf hm :SOR

S]akd R3 &RH( bnms]hmr sgd lnkd,eq]bshnm a]rdc o]qshshnm bndeehbhdmsr

&Jdwo+w
uhs+snsWk ( ne v]sdq,rnktakd uhs]lhmr UA1+ UA2

]bhc+ UA2]lhcd+ UA8+ ]mc

UA01 hm @SOR bnlonrdc ax ODF &ODF 3/// nq ODF 5///( ]mc r]ks

&M]2Bhsq]sd nq M]1S]qs]qsd(- Sgd o]qshshnm adg]uhnq v]r rstchdc ]s

S < 187-04J ]mc o <0a]q- dOB,R@ES otqd,bnlonmdms o]q]ldsdqr

]mc sgd ahm]qx hmsdq]bshnm o]q]ldsdqr trdc enq lncdkhmf ]qd fhudm hm

S]akdr 2 ]mc 3- Nudq]kk+ trhmf sgdrd o]q]ldsdqr dm]akdc sn oqdchbs sgd

o]qshshnm bndeehbhdmsr vhsg qd]rnm]akd ]bbtq]bx- Sgd @QC� adsvddm

dOB,R@ES oqdchbshnmr ]mc sgd dwodqhldms]k lnkd eq]bshnm,a]rdc Jw

u]ktdr ]qd khrsdc hm S]akd 5-

Vghkd sgd otqd,bnlonmdms o]q]ldsdqr ne uhs]lhmr ]mc ahm]qx

hmsdq]bshnm o]q]ldsdqr uhs]lhm�v]sdq vdqd s]jdm eqnl sgd khsdq]stqd+

E HFTPD 2 Cdmrhshdr ρ ]mc
nrlnshb bndeehbhdmsr ϕ ne ahm]qx
v]sdq�M]1S]qsq]sd rxrsdl udqrtr
lnk]khsx ne M]1S]qsq]sd lMW1SWqsWqsd ]s
S <187-04J+ o < 0a]q- Dwodqhldms]k
c]s] &rxlankr( eqnl khsdq]stqd-25+26

Khmdr9 dkdbsqnkxsd odqstqadc,bg]hm
&dOB(,rs]shrshb]k ]rrnbh]shmf ekthc
sgdnqx &R@ES( lncdkhmf trhmf

o]q]ldsdqr eqnl S]akdr 2 ]mc 3

S8AID 4 Lncdkhmf ]bbtq]bhdr enq ]kk
@SOR bnmrhcdqdc hm sghr vnqj
&S < 187-04 J+ o < 0 a]q(

RYks Onkxldq Ko

::C

%onkxldq ogYrd(

::C

%rYks ogYrd(

::C

%ansg ogYrd(

M]2Bhsq]sd ODF 3/// 01 /-/2/2 /-///61 /-/044

M]2Bhsq]sd ODF 5/// 01 /-/225 /-/135 /-/181

M]1S]qsq]sd ODF 3/// 01 /-/107 /-/212 /-/160

M]1S]qsq]sd ODF 5/// 01 /-/058 /-/248 /-/153

@aaqduh]shnmr9 @@C+ ]udq]fd ]arnktsd cduh]shnm: @SOR+ ]ptdntr svn,og]rd rxrsdl: ODF+ onkxdsgxkdmd

fkxbnk-

6 ne 02 VXRNBY@MRJ@ DS @K-

 15475905, 2020, 10, D
ow

nloaded from
 https://aiche.onlinelibrary.w

iley.com
/doi/10.1002/aic.16984 by U

niversidade D
o Porto, W

iley O
nline Library on [12/11/2024]. 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



sgd ahm]qx hmsdq]bshnm o]q]ldsdqr uhs]lhm�r]ks hnmr ]mc uhs]lhm�ODF

vdqd drshl]sdc hm sghr vnqj- Sgd enkknvhmf oqnbdctqd g]r addm

]ookhdc enq sgd drshl]shnm ne jhi-

– MdfWshudkx bgWqfdc uhsWlhmr9 Nmd q]sgdq udqx onrhshud jhi v]r

qdpthqdc adsvddm d]bg o]hq uhs]lhm�]mhnm &hmcdodmcdms ne LODF(+

]mc ] rkhfgskx onrhshud jhi v]r ]ookhdc sn ] o]hq uhs]lhm�ODF &hmcd,

odmcdms ne LODF(- Nauhntrkx+ rsqnmf qdotkrhnm nbbtqr adsvddm

bg]qfdc uhs]lhm ]mc sgd r]ks hnmr &drodbh]kkx sgd nqf]mhb ]mhnmr(-

– MdtsqWk uhsWlhmr9 Nmd jhi v]r qdpthqdc adsvddm d]bg o]hq uhs]lhm�

hnm+ ]mc mn o]q]ldsdq v]r qdpthqdc enq uhs]lhm�ODF- Enq UA2]lhcd

itrs nmd ahm]qx hmsdq]bshnm o]q]ldsdq v]r hmsqnctbdc &uhs]lhm�

S]qsq]sd1�(- Sghr ld]mr sg]s rnkdkx vhsg o]q]ldsdqr ]u]hk]akd hm khs,

dq]stqd hs v]r onrrhakd sn oqdchbs J ne UA2]lhcd hm @SOR bnlonrdc

ax ODF &ODF 3/// nq ODF 5///( ]mc M]2Bhsq]sd vhsg cduh]shnmr

@QC� ≤ 4-81- Sghr hr ] udqx fnnc qdrtks hm ] rdmrd sg]s dOB,R@ES

bntkc pt]mshs]shudkx oqdchbs J ne UA2]lhcd vhsgnts hmsqnctbhmf ]mx

]cchshnm]k ahm]qx o]q]ldsdqr-

Sgd mtladq ne dOB,R@ES ahm]qx hmsdq]bshnm o]q]ldsdqr &≤3(

adsvddm rodbhdr ]mc @SOR og]rd enqldqr trdc enq sgd oqdchbshnm ne

J hr knvdq sg]m sgd mtladq ne o]q]ldsdqr trdc nmkx enq c]s] bnqqdk],

shnm+ enq dw]lokd+ vhsg dwsdmcdc Bgdm,MQSK &5 hmsdq]bshnm

o]q]ldsdqr(-13 @krn+ sgd ghfg cduh]shnmr ne dwsdmcdc Bgdm,MQSK ne

≈2/� adsvddm sgd dwodqhldms]k ]mc bnqqdk]sdc c]s] g]ud addm ltbg

qdctbdc vhsg dOB,R@ES &S]akd 5(- Sghr hr ] fqd]s qdrtks: hs ld]mr sg]s

trhmf sgdrd o]q]ldsdqr dOB,R@ES ]kknvr ] oqhnqh oqdchbshmf J u]ktdr

hm rhlhk]q rxrsdlr vhsg qd]rnm]akd ]bbtq]bx &S]akd 5(-

Sgd J u]ktdr ne v]sdq,rnktakd uhs]lhmr hm @SOR bnlonrdc ax

ODF ]mc dhsgdq nmd ne svn r]ksr9 M]2Bhsq]sd ]mc M]1S]qsq]sd hr hkktr,

sq]sdc hm Ehftqd 4]+a- J u]ktdr vghbg ]qd rgnvm hm Ehftqd 4]+a b]m ad

hmektdmbdc ax l]mx e]bsnqr ]eedbshmf sgd rdo]q]shnm hm @SOR- Sgd

deedbsr nm J ne uhs]lhmr bnmrhcdqdc hm sgd enkknvhmf Rdbshnmr 3-1-0

]mc 3-1-1+ qdrodbshudkx+ ]qd qdk]sdc sn &]( uhs]lhm hmsdq]bshnmr nqhfhm]s,

hmf eqnl ] bg]qfd ]s oG ne @SOR ]mc lnkdbtk]q rhyd ne uhs]lhm+ nq

&a( hmsdq]bshnmr ne uhs]lhm vhsg og]rd enqldqr9 sgd hmektdmbd ne SKK+

r]ks sxod+ ODF lnkdbtk]q vdhfgs-

3-1-0 z Hmektdmbd ne uhsYlhm oqnodqshdr nm uhsYlhm
oYqshshnm bndeehbhdmsr hm :SOR

Sgd oG ne @SOR b]m bg]mfd sgd bg]qfd ne uhs]lhm-48 @r cdrbqhadc

hm Rdbshnm 1-0+ sgd v]sdq,rnktakd uhs]lhmr ]qd mdf]shudkx bg]qfdc

&UA1�+ UA2]bhc�+ UA81�+ UA82�( nq mdtsq]k &UA2]lhcd+ UA01( hm sgd

@SOR bnmrhcdqdc hm sghr vnqj &oG ≈ 7(- @s sgdrd bnmchshnmr+ UA1

S8AID 5 Oqdchbshnm ]bbtq]bhdr &dwoqdrrdc ]r @QC�( ne o]qshshnm bndeehbhdmsr ne ehud v]sdq,rnktakd uhs]lhmr hm d]bg @SOR bnmrhcdqdc hm sghr
vnqj &S < 187-04 J+ o < 0 a]q(

UhsYlhm

:PC�

ODF 5/// ) MY2BhsqYsd ODF 3/// ) MY2BhsqYsd ODF 5/// ) MY1SYqsqYsd ODF 3/// ) MY1SYqsqYsd

UA2]lhcd 4-81 1-33 8-78 4-05

UA01 4-83 05-/0 3-68 10-50

UA2]bhc� 1-66 0-73 3-3/ 6-27

UA1� 1-71 3-27 4-55 11-68

UA81� 2-37 6-04 3-30 0/-78

UA82� 3-7/ 8-85 7-5/ 8-22

@aaqduh]shnmr9 @SOR+ ]ptdntr svn,og]rd rxrsdl: ODF+ onkxdsgxkdmd fkxbnk-

E HFTPD 3 @ptdntr svn,og]rd rxrsdl &@SOR( bnms]hmhmf ODF &3+///�5+///( ]mc M]2Bhsq]sd ]s S < 187-04 J+ o < 0 a]q9 dwodqhldms]k
06

]mc dOB,R@ES &dkdbsqnkxsd Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx lncdkhmf(- Sgd dpthkhaqhtl bnlonrhshnmr ]qd oqdrdmsdc
]r bhqbkdr9 dwodqhldms]k &bknrdc rxlankr( ]mc dOB,R@ES lncdkhmf &nodm rxlankr(- Sgd rnkhc khmdr &ahmnc]kr+ shd,khmdr(�dwodqhldms]k+ cnssdc khmdr
&shd,khmdr(�dOB,R@ES

VXRNBY@MRJ@ DS @K- 7 ne 02
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]mc UA2]bhc dwhrs rnkdkx ]r rhmfkd,mdf]shudkx bg]qfdc &�0( rodbhdr

UA1� ]mc UA2]bhc�- Nsgdqr+ UA2]lhcd ]mc UA01 ]qd oqdrdms dwbkt,

rhudkx ]r mdtsq]k rodbhdr- Hm bnmsq]rs+ UA8 b]m ad oqdrdms ]r sgd

svn rodbhdr+ UA81� ]mc UA82�- Sgdrd rodbhdr ]qd cheedqdmskx chr,

sqhatsdc adsvddm sgd og]rdr- @bbnqchmf sn khsdq]stqd+ lnqd mdf],

shudkx bg]qfdc lnkdbtkdr sdmc sn o]qshshnm hmsn sgd lnqd a]rhb

og]rd &hm sghr b]rd9 ODF Og]rd H(-5/ Hs hr sgdm dwodbsdc sg]s UA82�

vhkk g]ud ghfgdq J sg]m UA81� hm @SOR bnmrhcdqdc hm sgd oqdrdms

rstcx- Dpt]shnm &04( ]kknvr b]kbtk]shmf sgd sgdnqdshb]k Jdwo+w
uhs+i ne d]bg

UA8 rodbhdr i hm @SOR ax ]bbntmshmf nm rodbhdr chrsqhatshnm ne UA8 ]s

] fhudm oG- Sgd Jdwo+w
uhs+i ne rodbhdr i <UA8

1�+ UA82�+ ]mc sgd dwodqhldm,

s]k u]ktd Jdwo+w
uhs+snsWk ne UA8 hm @SOR bnlonrdc ax ODF 5/// ]mc

M]2Bhsq]sd ]qd oqdrdmsdc hm Ehftqd 5- Sgd otqd,bnlonmdms o]q]ld,

sdqr mddcdc sn oqdchbs sgd o]qshshnmhmf ne UA8 rodbhdr hm ]kk @SOR eqnl

sghr rstcx ]qd fhudm hm S]akdr 2 ]mc 3- Sgd jhi u]ktdr enq v]sdq�UA8

rodbhdr vdqd ehssdc hm sgd oqduhntr rstcx24 sn oG,cdodmcdms rnktahk,

hshdr ne UA8- Sgd ahm]qx hmsdq]bshnm o]q]ldsdqr adsvddm nmd UA8 rod,

bhdr ]mc og]rd,enqlhmf bnlonmdmsr vdqd ehssdc sn nmd c]s] onhms

Jdwo+w
uhs+i enq d]bg rodbhdr- Nmd c]s] onhms ld]mr nmd shd,khmd hm sgd @SOR

bnlonrdc ax ODF 5/// ]mc r]ks &M]2Bhsq]sd nq M]1S]qsq]sd(- Sghr

oqnbdctqd v]r ]bbtq]sd dmntfg sn oqdchbs o]qshshnm bndeehbhdmsr udqx

vdkk nudq ] vhcd q]mfd ne SKK- Joqdc+∞
uhs+snsWk vdqd nas]hmdc trhmf Dpt],

shnm &0/(- Adrhcdr sg]s+ sgd dwodbsdc adg]uhnq ]r qdonqsdc hm sgd khsdq],

stqd hr nardqudc9 sgd lnrs mdf]shud UA82� onrrdrrdr sgd ghfgdrs

J u]ktdr+5/ vghbg hr qdekdbsdc ax sn sgd udqx vd]j ]ssq]bshud

hmsdq]bshnmr &udqx ahf jhi u]ktdr( adsvddm sgd ltkshu]kdms mdf]shud UA8

rodbhdr ]mc sgd nqf]mhb ]mhnmr &rdd S]akd 3(- Sgd @QC� u]ktdr

oqdrdmsdc hm S]akd 5 oqnud sg]s dOB,R@ES b]m udqx ]bbtq]sdkx oqdchbs

sgd o]qshshnm bndeehbhdmsr ne UA8 rodbhdr hm ODF 5///�M]2Bhsq]sd

&@QC�≤3-7�(- Qd]rnm]akd oqdchbshnmr ne @QC� u]ktdr ≤00� ]qd

nardqudc enq UA8 o]qshshnmhmf hm ]kk nsgdq rxrsdlr bnmrhcdqdc hm

sghr vnqj-

Sgd o]qshshnm bndeehbhdmsr ne uhs]lhmr cn mns nmkx cdodmc nm bg]qfd

&nm sgdhq rodbhdr chrsqhatshnm(+ ]mc sgtr mns nmkx nm dkdbsqnrs]shb

hmsdq]bshnmr- Sgd rsqnmf oG,cdodmcdmbx ne sgd o]qshshnm bndeehbhdmsr

rgnvm hm Ehftqd 5 hr b]trdc ax sgd oqdrdmbd ne cheedqdms UA8 rodbhdr-

Gnvdudq+ sgd oG ]mc sgtr dkdbsqnrs]shb hmsdq]bshnmr ]qd mns cnlhm]shmf

uhs]lhm o]qshshnmhmf enq sgnrd uhs]lhmr sg]s ]qd dwbktrhudkx oqdrdms ]s

nmd rodbhdr hm sgd @SOR-50 Sghr b]m ad rddm hm Ehftqd 4+ ]r sgd lnmnu],

kdms UA2]bhc� g]r itrs rkhfgskx ghfgdq J u]ktdr sg]m sgd mdtsq]k UA2]lhcd-

Sgd o]qshshnm bndeehbhdms b]m ad hmektdmbdc ax rsdqhb dmsqnohb

deedbsr ne sgd uhs]lhmr- UA2 hr sgd rl]kkdrs uhs]lhm ne knvdrs lnkdbt,

k]q vdhfgs nudq ]kk rstchdc hm sghr vnqj &lTA2Wbhc �ð p <lTA2Wlhcd <011-00

f.lnk(- Sgd ghfgdrs J cdsdqlhmdc hm sghr vnqj v]r entmc enq UA01-

Sghr adg]uhnq b]m ad dwok]hmdc ax cheedqdms deedbsr qdk]sdc sn sgd

E HFTPD 4 O]qshshnm bndeehbhdmsr ]s S < 187-04 J ]mc o < 0 a]q hm ]ptdntr svn,og]rd rxrsdl &@SOR(9 &]( ODF 5///�M]2Bhsq]sd+ &a( ODF
5///�M]1S]qsq]sd ]s cheedqdms SK bnlonrhshnmr- Dwodqhldms]k c]s] J

dwo+w
uhs+snsWk ld]rtqdc hm sghr vnqj9 bknrdc rxlankr &S]akd R3+ RH(+ dOB,R@ES

&dkdbsqnkxsd Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx( oqdchbshnmr9 nodm rxlankr- Uhs]lhmr9 UA1 &bhqbkdr(+ UA2]bhc &rpt]qdr(+ UA2]lhcd

&to,sn,cnvm sqh]mfkdr(+ UA8 &ch]lnmcr(+ UA01 &sqh]mfkdr(- Rnkhc khmdr9 sgd adrs ehs sn dOB,R@ES oqdchbshnmr ne Joqdc+∞
uhs+i …nmkx sn fthcd sgd dxd+ cnssdc

khmdr9 Joqdc+∞
uhs+snsWk b]kbtk]sdc trhmf Dpt]shnm &0/( ]mc dOB,R@ES oqdchbshnmr ne J

oqdc+∞
uhs+i - Knf]qhsglhb rb]kd v]r hmsqnctbdc enq adssdq c]s] bnlo]qhrnm

E HFTPD 5 O]qshshnm bndeehbhdmsr ne UA8 rodbhdr JTA8 &bhqbkdr(+
JTA81� &ch]lnmcr(+ JTA82� &sqh]mfkdr( hm ]ptdntr svn,og]rd
rxrsdl &@SOR( ODF 5///�M]2Bhsq]sd ]s cheedqdms SK bnlonrhshnmr+
S < 187-04J ]mc o < 0 a]q- Bknrdc rxlankr9 dwodqhldms]k c]s]
&Jdwo+w

uhs+snsWk: sns]k+ bnms]hmr UA8
1� ]mc UA82�( ]mc c]s] b]kbtk]sdc

vhsg Dpt]shnm &04( &Jdwo+w
uhs+i (- Nodm rxlankr9 dOB,R@ES &dkdbsqnkxsd

Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx oqdchbshnmr(
&Joqdc+∞

uhs+i : rodbhdr UA81� nq UA82�( ]mc c]s] b]kbtk]sdc vhsg
Dpt]shnm &0/( &Joqdc+∞

uhs+snsWk(- Khmdr ]qd sgd adrs ehs sn dOB,R@ES oqdchbshnmr
&rnkhc khmdr…Joqdc+∞

uhs+i ]mc c]rgdc khmdr…Joqdc+∞
uhs+snsWk( ]ookhdc nmkx sn fthcd

sgd dxd- C]s] ld]rtqdc hm sghr vnqj ]qd oqdrdmsdc hm S]akd R3 &RH(

8 ne 02 VXRNBY@MRJ@ DS @K-
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uhs]lhm oqnodqshdr+ enq dw]lokd+ rhyd,qdk]sdc deedbsr- UA01 hr mdtsq]k hm

ODF�M]2Bhsq]sd ]mc ODF�M]2S]qsq]sd @SOR: UA01 hr rsqtbstq]kkx sgd

lnrs bnlokdw ]mc sgd k]qfdrs uhs]lhm ne ]kk v]sdq,rnktakd uhs]lhmr

&lTA01 <0+244-26f.lnk(- Sgd ghfg J u]ktdr ne UA01 lhfgs ad b]trdc

ax sgd e]bs sg]s k]qfd lnkdbtkdr onrrdrr lnqd onrrhahkhshdr &k]qfdq rtq,

e]bd( ne oqna]akd hmsdq]bshnmr vhsg sgd @SOR og]rd enqldqr-5/+51 Sgdrd

deedbsr ]qd nesdm chrbtrrdc hm khsdq]stqd vgdm sgd o]qshshnmhmf ne k]qfd

lnkdbtkdr+ enq dw]lokd+ oqnsdhmr hr rstchdc-2+50+51 Hs ]krn bnmehqlr sg]s

sgd ]rrtloshnm trdc hm khsdq]stqd vgdm bnqqdk]shmf J vhsg Vhkrnm lncdk

vqnmfkx rs]sdr sg]s sgd o]qshshnm b]m ad dwok]hmdc rnkdkx hm sdqlr ne

bg]qfd deedbsr-14 Adrhcdr sgd e]bs sg]s sgd udqx ahf UA01 itrs lhfgs

g]ud lnqd hmsdq]bshnmr vhsg ODF ctd sn hsr rhyd+ hs lhfgs ]cchshnm]kkx

g]ud ]krn rsqnmfdq hmsdq]bshnmr ctd sn sgd oqdrdmbd ne l]mx chudqrd

etmbshnm]k fqntor &gxcqnognahb hmsdq]bshnmr sn ODF+ nq dudm gxcqnfdm,

anmchmf deedbsr adsvddm ODF ]mc UA01(- @kk sgdrd dmsg]kohb ]mc

dmsqnohb deedbsr ]qd bnmrhcdqdc dwokhbhskx hm dOB,R@ES lncdkhmf-

3-1-1 z Hmektdmbd ne ihmc ne :SOR ogYrd enqldqr nm
uhsYlhm oYqshshnm bndeehbhdmsr hm :SOR

Bg]mfhmf ODF ]mc r]ks bnmbdmsq]shnmr hmektdmbdr sgd o]qshshnmhmf ne

uhs]lhmr hm @SOR hm ] v]x sg]s ghfgdq J ]qd dwodbsdc vhsg hmbqd]r,

hmf SKK &Ehftqdr 4�7(- Hmbqd]rhmf sgd r]ks bnmbdmsq]shnm hlo]bsr sgd

hnmhb rsqdmfsg+ ]mc sgd ghfgdq qdotkrhnm adsvddm r]ks ]mhnm ]mc uhs],

lhm� lhfgs b]trd ghfgdq J u]ktdr-52+53 @ksdqhmf ODF bnmbdmsq]shnm

lhfgs ]krn hmektdmbd J sgqntfg e]unq]akd ODF�uhs]lhm hmsdq]bshnmr53

&d-f-+ hmbqd]rdc bqnrr,]rrnbh]shnm(- Sgd ghfgdq J u]ktdr ]qd nardqudc

enq bhsq]sd,a]rdc @SOR9 @SOR bnlonrdc ax ODF ]mc M]1S]qsq]sd

&Ehftqdr 4 ]mc 7( cn ]kknv nmkx knvdq J u]ktdr bnlo]qdc sn @SOR

enqldc ax ODF ]mc M]2Bhsq]sd- Sghr adg]uhnq lhfgs ad qdk]sdc sn

sgd e]bs sg]s sgd bhsq]sd,a]rdc r]ksr b]trd ghfgdq qdotkrhnm sn sgd

uhs]lhm rodbhdr sg]m sgd s]qsq]sd,a]rdc r]ksr ctd sn oqdrdmbd ne

ghfgdq u]kdmbd ne bhsq]sd &�2( nudq s]qsq]sd &�1(- Adrhcdr+ ]krn ODF

E HFTPD 6 ODF lnkdbtk]q vdhfgs deedbs nm o]qshshnm bndeehbhdmsr ne UA2]bhc ]mc UA8 hm ]ptdntr svn,og]rd rxrsdl &@SOR( ]s S < 187-04 J
]mc o < 0 a]q- @SOR enqldc ax ODF 3/// &c]rgdc khmdr ]mc bhqbkdr(…M]2Bhsq]sd ]mc ODF 5/// &rnkhc khmdr ]mc sqh]mfkdr(…M]2Bhsq]sd- Khmdr ]mc
nodm rxlankr9 dOB,R@ES &dkdbsqnkxsd Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx( oqdchbshnmr &trhmf o]q]ldsdqr eqnl S]akdr 2 ]mc 3(+
bknrdc rxlankr9 dwodqhldms]k c]s]- Khmdr qdoqdrdms sgd adrs ehs sn dOB,R@ES oqdchbshnmr ]ookhdc nmkx sn fthcd sgd dxd

E HFTPD 7 @mhnm deedbs nm o]qshshnm bndeehbhdmsr ne UA2]bhc ]mc UA01 hm ]ptdntr svn,og]rd rxrsdl &@SOR( ]s S < 187-04 J ]mc o < 0 a]q-
@SOR enqldc ax ODF 5///�M]2Bhsq]sd &rnkhc khmdr ]mc bhqbkdr( ]mc ODF 5///�M]1S]qsq]sd &c]rgdc khmdr ]mc sqh]mfkdr(- Khmdr ]mc nodm rxlankr9
dOB,R@ES &dkdbsqnkxsd Odqstqadc,Bg]hm Rs]shrshb]k @rrnbh]shmf Ekthc Sgdnqx( oqdchbshnmr &trhmf o]q]ldsdqr eqnl S]akdr 2 ]mc 3(+ bknrdc rxlankr9
dwodqhldms]k c]s]- Khmdr qdoqdrdms sgd adrs ehs sn dOB,R@ES oqdchbshnmr ]ookhdc nmkx sn fthcd sgd dxd
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lnkdbtk]q vdhfgs &3+/// nq 5+/// f.lnk( hmektdmbdr J u]ktdr-

J nardqudc enq @SOR enqldc ax ODF 3/// ]qd ghfgdq &Ehftqd 6(

sg]m sgdhq odmc]msr hm @SOR enqldc ax ODF 5///- Rhlhk]q adg]uhnq

g]r addm ]kqd]cx qdonqsdc hm sgd khsdq]stqd enq nsgdq nqf]mhb lnkd,

btkdr+ m]ldkx CMO,]lhmn ]bhcr+ o]qshshnmdc hm ODF 3/// nq ODF

5///�M]2Bhsq]sd @SOR-
06 Sgd knvdq ODF lnkdbtk]q vdhfgs trt]kkx

]kknvr ghfgdq J u]ktdr-52 Hm fdmdq]k+ hs b]m ad bnmbktcdc sg]s sgd

ghfgdrs J u]ktdr ]qd dwodbsdc hm ] rxrsdl enqldc ax ODF vhsg

q]sgdq knv lnkdbtk]q vdhfgs &oqdedq]akx LODF ; 3+///( ]mc

M]2Bhsq]sd r]ks-

Sgd hmektdmbd ne ]kk rxrsdl,cdodmcdms oqnodqshdr hr ]krn hkktrsq]sdc

ax sgd ]bshuhsx bndeehbhdmsr ne sgd uhs]lhm ]s hmehmhsd chktshnm hm ansg

og]rdr+ ODF og]rd ]mc r]ks og]rd- Sgd cds]hkr ]qd rgnvm hm sgd RH

&Ehftqdr R2�R5(- Sgdrd ch]fq]lr rgnv sg]s sgd ]bshuhsx bndeehbhdmsr hm

sgd ODF og]rd ]qd ltbg knvdq sg]m sgnrd hm sgd r]ks og]rd- Hs lhfgs

gdko nsgdq qdrd]qbgdqr sn ad ]akd sn qdk]sd sgd qdrtksr nm J u]ktdr chr,

btrrdc hm sghr l]mtrbqhos sn sgd ]bshuhsx bndeehbhdmsr sg]s cdsdqlhmd

sgd lncdkdc J u]ktdr-

4 z BNMBKTRHNMR

O]qshshnmhmf ne nqf]mhb bnlontmcr rtbg ]r uhs]lhmr hm ODF�nqf]mhb

r]ks @SOR rsqnmfkx cdodmcr nm sgd oG+ ]r sgd uhs]lhm lhfgs ad oqd,

rdms ]r cheedqdms rodbhdr cdodmchmf nm oG+ ]mc sgdrd rodbhdr lhfgs

g]ud cheedqdms o]qshshnm bndeehbhdmsr- Sghr hr sgd qd]rnm vgx tmcdq,

rs]mchmf sgd ogdmnldm] vghbg qtkd sgd o]qshshnmhmf ne uhs]lhmr hm

@SOR trt]kkx qdpthqdr ghfg dwodqhldms]k deenqs- Hm sghr vnqj+ sgd o]qsh,

shnm bndeehbhdmsr ne ehud v]sdq,rnktakd uhs]lhmr nudq cheedqdms shd,khmd

bnlonrhshnmr vdqd cdsdqlhmdc dwodqhldms]kkx- @ lncdkhmf eq]ldvnqj

v]r cdudknodc vhsghm sgd sgdqlncxm]lhb lncdk dOB,R@ES+ vghbg

qdpthqdc otqd,bnlonmdms ]mc ahm]qx hmsdq]bshnm o]q]ldsdqr- Rnld ne

sgdrd o]q]ldsdqr vdqd ]kqd]cx drs]akhrgdc ]mc qdonqsdc hm sgd khsdq],

stqd ]mc vdqd trdc hm sghr vnqj+ vghkd sgd ahm]qx hmsdq]bshnm o]q]ld,

sdqr adsvddm uhs]lhm rodbhdr ]mc og]rd,enqlhmf bnlonmdmsr ne sgd

@SOR vdqd drshl]sdc hm sgd oqdrdms rstcx trhmf nmkx ] udqx edv

dwodqhldms]k c]s] onhmsr- Hm sgd lncdkhmf ]ooqn]bg+ sgd bg]qfd ne sgd

uhs]lhmr ]mc sgd ]bbnqchmf rodbhdr chrsqhatshnm cdodmchmf nm oG che,

edqdmbd adsvddm sgd og]rdr ne @SOR vdqd bnmrhcdqdc dwokhbhskx- Sgd

ghfgdrs o]qshshnm bndeehbhdms v]r nardqudc enq UA01+ vghbg lhfgs ad

qdk]sdc sn k]qfd lnkdbtk]q rhyd ne UA01 ]mc sgd rsqdmfsg ne ODF,UA01

bqnrr hmsdq]bshnmr- Etqsgdq+ sgd ]mhnm deedbs ]mc ODF lnkdbtk]q vdhfgs

hmektdmbd nm sgd uhs]lhm o]qshshnmhmf vdqd du]kt]sdc- Sgd rstcx rgnvr

sg]s o]qshshnmhmf ne uhs]lhmr hm @SOR enqldc ax bhsq]sd r]ks ]mc ODF

ne knvdq lnkdbtk]q vdhfgs &ODF 3///( kd]cr sn sgd ghfgdrs o]qshshnm

bndeehbhdmsr enq ]kk uhs]lhmr tmcdq bnmrhcdq]shnm-

:BIMNVKDCFLDMSR

Nodm ]bbdrr etmchmf dm]akdc ]mc nqf]mhydc ax Oqnidjs CD@K-

NPBHC

JWlhkW VxrnbyWmrjW gssor9..nqbhc-nqf.////,///0,6648,37/1

Bgqhrsnog Gdkc gssor9..nqbhc-nqf.////,///0,7743,2123

PDEDPDMBDR

0- L]ssh]rrnm A- @ookhb]shnmr ne ]ptdntr svn,og]rd rxrsdlr hm ahnsdbg,

mnknfx- Sqdmcr Ahnsdbgmnk- 0872:0&0(905,1/-

1- cd @q]tin R]lo]hn C+ L]eq] KH+ X]l]lnsn BH+ ds ]k- @ptdntr svn,

og]rd &onkxdsgxkdmd fkxbnk) rnchtl rtke]sd( rxrsdl enq b]eedhmd

dwsq]bshnm9 dpthkhaqhtl ch]fq]lr ]mc o]qshshnmhmf rstcx- I Bgdl

Sgdqlncxm- 1/05:87975,83-

2- c] Rhku] MQ+ Edqqdhq] K@+ L]cdhq] OO+ Sdhwdhq] I@+ Tudqrjx UM+

Y]rk]urjx AX- @m]kxrhr ne o]qshshnmhmf ne nqf]mhb bnlontmcr ]mc oqn,

sdhmr hm ]ptdntr onkxdsgxkdmd fkxbnk,rnchtl rtke]sd ]ptdntr svn,

og]rd rxrsdlr hm sdqlr ne rnktsd�rnkudms hmsdq]bshnmr- I BgqnlWsnfq
:- 1/04:030490,0/-

3- Lhss]k Q+ Rg]ql] Q+ Q]fg]u]q]n J- @ptdntr svn,og]rd dwsq]bshnm ne

Q,ogxbndqxsgqhm eqnl l]qhmd l]bqn,]kf]d+ Fdkhchtl otrhkktl- Ahnqdrntq

Sdbgmnk- 1/08:17/9166,175-

4- Drohsh],R]knl] D+ Uáyptdy,Uhkkdf]r O+ Qhsn,O]knl]qdr L+ @fthk]q N-

@m hmsdfq]sdc oq]bshb]k hlokdldms]shnm ne bnmshmtntr ]ptdntr svn,

og]rd rxrsdlr enq sgd qdbnudqx ne gtl]m HfF9 eqnl sgd lhbqncduhbd

sn ] ltkshrs]fd admbg,rb]kd lhwdq,rdsskdq cduhbd- Ahnsdbgmnk I- 1/05:

00&4(96/7,605-

5- Staên F+ Odkkdfqhmh K+ Mdqkh AA+ Ohbí F@- Khpthc�khpthc dpthkhaqh] ne
]ptdntr svn,og]rd rxrsdlr bnms]hmhmf onkx&dsgxkdmd fkxbnkr( ne che,

edqdms lnkdbtk]q vdhfgs ]mc rnchtl bhsq]sd- I Bgdl Dmf CWsW- 1//5:

40&0(91/8,101-

6- L]kohdch KO+ EdqmÜmcdy B+ Ohbí F+ Mdqkh A- Khpthc�khpthc dpthkhaqhtl
og]rd ch]fq]lr ne onkxdsgxkdmd fkxbnk) rnchtl s]qsq]sd) v]sdq svn,

og]rd rxrsdlr- I Bgdl Dmf CWsW- 1//7:42&4(90064,0067-

7- Y]e]q]mh,Ln]ss]q LS+ G]lhch @- Khpthc�khpthc dpthkhaqh] ne ]ptdntr
svn,og]rd onkx &dsgxkdmd fkxbnk(�ons]rrhtl bhsq]sd rxrsdl- I Bgdl

Dmf CWsW- 1//2:37&1(9151,154-

8- Fg]ee]qh R+ Rg]gqntyh IQ+ Snvehfgh E+ Jgnrgedsq]s @A- O]qshshnmhmf ne

bde]ynkhm hm ]ptdntr svn,og]rd rxrsdlr bnms]hmhmf onkx &dsgxkdmd

fkxbnk( ]mc rnchtl r]ksr &bhsq]sd+ s]qsq]sd+ ]mc rtkog]sd(- Ekthc OgWrd

Dpthkhaq- 1/08:377943,50-

0/- c] Rhku] NR+ @kudr QN+ Onqsn SR- ODF,rnchtl bhsq]sd ]ptdntr svn,

og]rd rxrsdlr sn hm rhst qdbnudqx ne oqnsd]rd eqnl :rodqfhkktr sWlWqhh

TQL3523 ax dwsq]bshud edqldms]shnm- AhnbWsWk :fqhb Ahnsdbgmnk-

1/07:0591/8,105-

00- Vxrnby]mrj] J+ Cn GS+ Gdkc B+ R]cnvrjh F+ L]bdcn D@- Deedbs ne

cheedqdms nqf]mhb r]ksr nm ]lhmn ]bhcr o]qshshnm adg]uhntq hm ODF,r]ks

@SOR- Ekthc OgWrd Dpthkhaq- 1/07:345973,80-

01- @ey]k Rgntrgs]qh A+ Q]ga]q Rg]gqntyh I+ O]ytjh F- Deedbs ne m]mno]qsh,

bkd ]cchshudr nm o]qshshnmhmf ne bdog]kdwhm hm ]ptdntr svn,og]rd rxr,

sdlr bnms]hmhmf onkx &dsgxkdmd fkxbnk( ]mc nqf]mhb r]ksr- I Bgdl Dmf

CWsW- 1/05:50&6(915/4,1502-

02- @ydudcn @L+ Fnldr @F+ Qnr] O@+ Edqqdhq] HE+ Ohrbn @L+ @hqdr,

A]qqnr LQ- O]qshshnmhmf ne gtl]m ]mshanchdr hm onkxdsgxkdmd fkxbnk�
rnchtl bhsq]sd ]ptdntr svn,og]rd rxrsdlr- Rdo Otqhe Sdbgmnk- 1//8:

54&0(903,10-

03- Gtcckdrsnm I+ Udhcd @+ Jôgkdq J+ Ek]m]f]m I+ Dmenqr R,N+ Kxcch]ss @-

Sgd lnkdbtk]q a]rhr ne o]qshshnmhmf hm ]ptdntr svn,og]rd rxrsdlr-

Sqdmcr Ahnsdbgmnk- 0880:8&0(9270,277-

04- G]ssh,J]tk Q- @ptdntr svn,og]rd rxrsdlr- Lnk Ahnsdbgmnk- 1//0:08

&2(9158,166-

05- Fqhkn @K+ Q]ptdk @hqdr,A]qqnr L+ @ydudcn @L- O]qshshnmhmf hm ]ptd,

ntr svn,og]rd rxrsdlr9 etmc]ldms]kr+ ]ookhb]shnmr ]mc sqdmcr- Rdo

Otqhe Pdu- 1/05:34&0(957,7/-

06- Vxrnby]mrj] J+ L]bdcn D@- Deedbs ne lnkdbtk]q vdhfgs ne onkxdsg,

xkdmd fkxbnk nm sgd o]qshshnmhmf ne CMO,]lhmn ]bhcr9 ODF &3///+

5///( vhsg rnchtl bhsq]sd ]s 187-04 J- Ekthc OgWrd Dpthkhaq- 1/05:

317973,80-

07- R]k]a]s @+ R]cdfgh Q+ Lnfg]c]l RS+ I]ldganynqf A- O]qshshnmhmf ne

K,ldsghnmhmd hm ]ptdntr svn,og]rd rxrsdlr bnms]hmhmf onkx &oqnoxk,

dmd fkxbnk( ]mc rnchtl ognrog]sd r]ksr- I Bgdl Sgdqlncxm- 1/00:32

&0/(90414,0418-

00 ne 02 VXRNBY@MRJ@ DS @K-
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08- C]kknq] MKO+ Jkdly IFC+ cd @kbáms]q] Odrró] Ehkgn O- O]qshshnmhmf ne

lncdk oqnsdhmr hm ]ptdntr svn,og]rd rxrsdlr bnms]hmhmf onkxdsgxk,

dmd fkxbnk ]mc ]llnmhtl b]qa]l]sd- Ahnbgdl Dmf I- 1//6:23&0(9

81,86-

1/- Jgnrq]uh]m O+ Rg]ehdd @qcdrs]mh L+ Jgnnah L+ ds ]k- Ldrnonqntr rhk,

hb] m]mno]qshbkdr etmbshnm]khydc vhsg enkhb ]bhc.ldsghnmhmd enq ]bshud

s]qfdsdc cdkhudqx ne cnbds]wdk- Nmbn SWqfdsr Sgdq- 1/05:896204,622/-

10- Rnoohl]sg JR+ Kht KG+ Rdnv VX+ ds ]k- Ltkshetmbshnm]k bnqd.rgdkk

m]mno]qshbkdr rdke,]rrdlakdc eqnl oG,hmctbdc sgdqlnrdmrhshud onkx,

ldqr enq s]qfdsdc hmsq]bdkktk]q ]mshb]mbdq cqtf cdkhudqx- :cu Etmbs

LWsdq- 1//6:06&2(9244,251-

11- Onrbgk]c J+ Dmcdqr R- Sgdqlncxm]lhbr ne ]ptdntr rnktshnmr bnm,

s]hmhmf onkx &M,hrnoqnoxk]bqxk]lhcd( ]mc uhs]lhm B- Ekthc OgWrd

Dpthkhaq- 1/00:2/1&0(9042,05/-

12- @ucdde @- Rnktahkhsx ne ro]qhmfkx,rnktakd hnmhy]akd cqtfr- :cu Cqtf

Cdkhu Pdu- 1//6:48&6(9457,48/-

13- Ihldmdy XO+ F]kkdfthkknr GQ+ Bk]qnr L- Khpthc,khpthc o]qshshnm ne odq,

bgknq]sd hnm hm sgd ]ptdntr svn,og]rd rxrsdl enqldc ax M]MN2 )

onkx&dsgxkdmd fkxbnk( ) G1N- Ekthc OgWrd Dpthkhaq- 1/05:310982,0/2-

14- L]cdhq] OO+ Wt W+ Sdhwdhq] I@+ L]bdcn D@- Oqdchbshnm ne oqnsdhm o]q,

shshnm hm onkxldq.r]ks ]ptdntr svn,og]rd rxrsdlr trhmf sgd lnchehdc

Vhkrnm lncdk- Ahnbgdl Dmf I- 1//4:13&1(9036,044-

15- Odqdy A+ L]kohdch KO+ Staên F+ Mdqkh A+ cd @kbáms]q] Odrró] Ehkgn O-

Dwodqhldms]k cdsdqlhm]shnm ]mc sgdqlncxm]lhb lncdkhmf ne og]rd

dpthkhaqhtl ]mc oqnsdhm o]qshshnmhmf hm ]ptdntr svn,og]rd rxrsdlr

bnms]hmhmf ahncdfq]c]akd r]ksr- I Bgdl Sgdqlncxm- 1/02:459025,032-

16- Dcqhrh R+ A]jgrgh G+ Q]ghlmdi]c L- @ptdntr svn,og]rd rxrsdlr enq

bdog]kdwhm lnmngxcq]sd o]qshshnmhmf trhmf onkx dsgxkdmd fkxbnk ]mc

rnchtl s]qsq]sd chgxcq]sd9 dwodqhldms]k ]mc sgdqlncxm]lhb lncdk,

hmf- JnqdWm I Bgdl Dmf- 1/08:25&4(967/,677-

17- Cnny]mcdg RF+ O]ytjh F+ @rfg]q @- Rstcx ne oqnsdhm o]qshshnmhmf

hm onkxldq,r]ks ]ptdntr svn,og]rd rxrsdlr trhmf dkdbsqnkxsd,R@ES

&D,R@ES( dpt]shnm ne rs]sd- I Chrodqr Rbh Sdbgmnk- 1/01:22&4(9

645,651-

18- K]tad E+ Jkdhm S+ R]cnvrjh F- O]qshshnm bndeehbhdmsr ne og]ql]bdtsh,

b]kr ]r etmbshnmr ne sdlodq]stqd ]mc oG- Hmc Dmf Bgdl Pdr- 1/04:43

&04(92857,2864-

2/- Gdkc B+ R]cnvrjh F- Lncdkhmf ]ptdntr dkdbsqnkxsd rnktshnmr- O]qs

1- Vd]j dkdbsqnkxsdr- Ekthc OgWrd Dpthkhaq- 1//8:168&1(9030,037-

20- Qdrbgjd S+ Aq]mcdmatrbg B+ R]cnvrjh F- Lncdkhmf ]ptdntr svn,

og]rd rxrsdlr9 HHH- Onkxldqr ]mc nqf]mhb r]ksr ]r @SOR enqldq- Ekthc

OgWrd Dpthkhaq- 1/04:2769067,078-

21- V]mfkdq @+ Knkk Q+ Fqdhmdqs S+ R]cnvrjh F+ Gdkc B- Oqdchbshmf sgd ghfg

bnmbdmsq]shnm bn,rnkudms hmektdmbd nm sgd qd]bshnm dpthkhaqh] ne sgd

@CG,b]s]kxydc qdctbshnm ne ]bdsnogdmnmd- I Bgdl Sgdqlncxm- 1/08:

0179164,171-

22- Rsnxbgdu H+ F]kx I+ Entqmdk A+ K]bqnhw,Cdrl]ydr O+ Jkdhmdq L+

R]cnvrjh F- Lncdkhmf sgd og]rd adg]uhnq ne ODN�OON�ODN rtqe]b,
s]msr hm b]qanm chnwhcd trhmf sgd OB,R@ES dpt]shnm ne rs]sd9 ]ookhb],

shnm sn cqx cdbnms]lhm]shnm ne rnkhc rtarsq]sdr- I Bgdl Dmf CWsW-

1//8:43&4(90440,0448-

23- Gdkc B+ Qdrbgjd S+ Lng]ll]c R+ Kty] @+ R]cnvrjh F- dOB,R@ES

qduhrdc- Bgdl Dmf Pdr Cdr- 1/03:81&01(91773,1786-

24- Vxrnby]mrj] J+ L]bdcn D@+ R]cnvrjh F+ Gdkc B- Rnktahkhsx

dmg]mbdldms ne v]sdq,rnktakd uhs]lhmr hm sgd oqdrdmbd ne

bnuhs]lhmr9 ld]rtqdldmsr ]mc dOB,R@ES ]rrhrsdc oqdchbshnmr- Hmc

Dmf Bgdl Pdr- 1/08:47910650,10660- gssor9..cnh-nqf.0/-0/10.]br-

hdbq-8a/32/1-

25- Y]e]q]mh,Ln]ss]q LS+ Gnrrdhmy]cdg R- Qdeq]bshud hmcdw+ uhrbnrhsx+

cdmrhsx+ ]mc roddc ne rntmc ne ]ptdntr rnchtl s]qsq]sd rnktshnmr ]s

u]qhntr sdlodq]stqdr- I Bgdl Dmf CWsW- 1//5:40&3(9008/,0082-

26- Y]e]q]mh,Ln]ss]q LS+ G]lydgy]cdg R+ Gnrrdhmy]cdg R- Og]rd ch],

fq]lr enq khpthc�khpthc dpthkhaqhtl ne sdqm]qx onkx&dsgxkdmd fkxbnk(

)ch,rnchtl s]qsq]sd ]ptdntr rxrsdl ]mc u]onq�khpthc dpthkhaqhtl ne

bnmrshstshmf ahm]qx ]ptdntr rxrsdlr ]s S<&187-04+ 2/7-04+ ]mc

207-04(J9 dwodqhldms ]mc bnqqdk]shnm- Ekthc OgWrd Dpthkhaq- 1//7:157

&0(9031,041-

27- Vxrnby]mrj] J+ R]cnvrjh F+ L]bdcn D@+ Gdkc B- Snv]qc sgdqlncx,

m]lhb oqdchbshnmr ne ]ptdntr uhs]lhm rnktahkhsx9 ]m ]bshuhsx

bndeehbhdms,a]rdc ]ooqn]bg- Hmc Dmf Bgdl Pdr- 1/08:47&06(96251,

6258-

28- Qhukhm Q- PhanekWuhm- Okdmtl Oqdrr+ Mdv Xnqj9 Roqhmfdq Rbhdmbd % Atrh,

mdrr Ldch]: 1/01-

3/- Jtgm Q+ Lnqtyyh F- ©adq c]r qdctjshnmr,nwxc]shnmr,onsdmsh]k cdr k]bsn,

ek]uhmr tmc rdhmdq cdqhu]sd- Adq Csrbg Bgdl Fdr- 0823:56&6(9011/,0112-

30- Rtdksdq BG- Ldbg]mhrl ne nwhc]shnm ne qdctbdc oxqhchmd mtbkdnshcd

]m]knfr ax qhanek]uhm- 0848-

31- Lhbg]dkhr K+ Rbgtadqs LO+ Rlxsgd B- Onsdmshnldsqhb rstcx ne sgd ek],

uhmr- I Ahnk Bgdl- 0825:0059476,5/6-

32- B]kbtk]shnm lnctkd cdudknodc ax Bgdl@wnm Zbnlotsdq oqnfq]l[9

B]kbtk]shnm lnctkd cdudknodc ax Bgdl@wnm: 1/08-

33- Jkhmfradqf D- Oxqhchmd Wmc hsr CdqhuWshudr- Unk 21- Hmsdqrbhdmbd Ota,

khrgdqr+ Hmb-+ Mdv Xnqj+ Hmsdqrbhdmbd Otakhrgdqr+ Hmb-+ Knmcnm9 Ingm

Vhkdx % Rnmr: 1//8-

34- Odqqhm CC- ChrrnbhWshnm BnmrsWmsr ne NqfWmhb AWrdr hm :ptdntr Rnktshnm0

Rtookdldms- Atssdqvnqsgr9 Knmcnm: 0861-

35- Ry]jÜbr Y+ MnryÜk A- Cdsdqlhm]shnm ne chrrnbh]shnm bnmrs]msr ne enkhb

]bhc+ ldsgnsqdw]sd+ ]mc nsgdq ognsnk]ahkd osdqhchmdr ax oqdrrtqd,

]rrhrsdc b]ohkk]qx dkdbsqnognqdrhr- Dkdbsqnognqdrhr- 1//5:16&06(92288,

23/8-

36- Gnerârr L@+ cd Rnty] I+ Rhku],A]qbdkknr ML+ ds ]k- Ahnv]hudq lnmn,

fq]ogr enq hlldch]sd,qdkd]rd rnkhc nq]k cnr]fd enqlr9 enkhb ]bhc-

I OgWql Rbh- 1/06:0/5&01(92310,232/-

37- @ucdde @- :arnqoshnm Wmc Cqtf Cdudknoldms0 Rnktahkhsx+ OdqldWahkhsx+

Wmc BgWqfd RsWsd- Mdv Idqrdx9 Ingm Vhkdx % Rnmr: 1/01-

38- Fqnrr I+ R]cnvrjh F- Odqstqadc,bg]hm R@ES9 ]m dpt]shnm ne rs]sd

a]rdc nm ] odqstqa]shnm sgdnqx enq bg]hm lnkdbtkdr- Hmc Dmf Bgdl

Pdr- 1//0:3/&3(90133,015/-

4/- Fqnrr I+ R]cnvrjh F- @ookhb]shnm ne odqstqa]shnm sgdnqx sn ] g]qc,

bg]hm qdedqdmbd ekthc9 ]m dpt]shnm ne rs]sd enq rpt]qd,vdkk bg]hmr-

Ekthc OgWrd Dpthkhaq- 1///:057&1(9072,088-

40- B]ldqdssh KE+ R]cnvrjh F+ Lnkkdqto IL- Lncdkhmf ne ]ptdntr dkdb,

sqnkxsd rnktshnmr vhsg odqstqadc,bg]hm rs]shrshb]k ]rrnbh]sdc ekthc sgd,

nqx- Hmc Dmf Bgdl Pdr- 1//4:33&8(92244,2251-

41- Adqsgdkns C- Rtq kd lçk]mfd cdr f]y- Bnlos Pdmctr- 0787:015906/2,06/5-

42- Knqdmsy G@- Tdadq chd ]mvdmctmf cdr r]sydr unl uhqh]k hm cdq

jhmdshrbgdm sgdnqhd cdq f]rd- :mm Ogxr- 0770:137&0(9016,025-

43- Vnka]bg IO+ R]mckdq RH- Trhmf lnkdbtk]q nqahs]k b]kbtk]shnmr sn

cdrbqhad sgd og]rd adg]uhnq ne bqnrr,]rrnbh]shmf lhwstqdr- Hmc Dmf

Bgdl Pdr- 0887:26&7(91806,1817-

44- Unm Rsnbj]q T+ u]m cdq Vhdkdm K@L- AhnsgdqlncxmWlhbr0 Sgd Pnkd ne

SgdqlncxmWlhbr hm AhnbgdlhbWk Dmfhmddqhmf+ K]tr]mmd+ Rvhsydqk]mc9

DOEK Oqdrr+ 1/02-

45- Rhkuçqhn RB+ Vdfqyxm @+ Kk]cnr] D+ Qncqêftdy N+ L]bdcn D@- Deedbs ne

]ptdntr svn,og]rd rxrsdl bnmrshstdmsr hm cheedqdms onkx &dsgxkdmd

fkxbnk(�r]ks og]rd ch]fq]lr- I Bgdl Dmf CWsW- 1/01:46&3(901/2,01/7-

46- Rhkuçqhn RB+ Qncqêftdy N+ Sdhwdhq] I@+ L]bdcn D@- Khpthc�khpthc dpth,
khaqh] ne TBNM)&rnchtl nq ons]rrhtl( ognrog]sd r]ks ]ptdntr svn,

og]rd rxrsdlr ]s 12 B- I Bgdl Dmf CWsW- 1//8:44&2(90174,0177-

47- Etbgr C+ Ehrbgdq I+ Stl]j]j] E+ R]cnvrjh F- Rnktahkhsx ne ]lhmn ]bhcr9

hmektdmbd ne sgd oG u]ktd ]mc sgd ]cchshnm ne ]kbngnkhb bnrnkudmsr nm

]ptdntr rnktahkhsx- Hmc Dmf Bgdl Pdr- 1//5:34&08(95467,5473-

48- A]mhj Q+ R]msgh]ft @+ J]m]qh A+ R]a]qhm]sg B+ To]cgx]x R- Sdbgmnknf,

hb]k ]rodbsr ne dwsq]bshud edqldms]shnm trhmf ]ptdntr svn,og]rd rxr,

sdlr-Vnqkc I Lhbqnahnk Ahnsdbgmnk- 1//2:08&3(9226,237-

5/- Odsdqr+ S-I- &0876(+ OWqshshnm ne bdkk oWqshbkdr Wmc lWbqnlnkdbtkdr0 Rdo,

WqWshnm Wmc otqhehbWshnm ne ahnlnkdbtkdr+ bdkk nqfWmdkkdr+ ldlaqWmdr

Wmc bdkkr hm Wptdntr onkxldq svn ogWrd rxrsdlr Wmc sgdhq trd hm ahn,

bgdlhbWk WmWkxrhr Wmc ahnsdbgmnknfx- O,@- @kadqsrrnm- Sghqc Dchshnm+

0875+ Ingm Vhkdx ]mc Rnmr+ Bghbgdrsdq- Annj qduhdv-

VXRNBY@MRJ@ DS @K- 01 ne 02
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50- @mcqdvr A+ Rbglhcs @+ @rdmin I- Bnqqdk]shnm enq sgd o]qshshnm

adg]uhnq ne oqnsdhmr hm ]ptdntr svn,og]rd rxrsdlr9 deedbs ne rtq,

e]bd gxcqnognahbhsx ]mc bg]qfd- Ahnsdbgmnk Ahndmf- 1//4:8/&2(9

27/,28/-

51- V]ksdq G+ Aqnnjr CD+ Ehrgdq C- OWqshshnmhmf hm :ptdntr Svn,OgWrd Rxr,

sdlr- @b]cdlhb Oqdrr9 MdvXnqj: 0874-

52- @lhc @- PdbnlahmWms Dmyxldr�Eqnl AWrhb Rbhdmbd sn BnlldqbhWkhyW,

shnm- Roqhmfdq9 Roqhmfdq+ Bg]l: 1/04-

53- Q]i] R+ Ltqsx UQ+ Sghu]g]q]m U+ Q]i]rdj]q U+ Q]ldrg U- @ptdntr

svn og]rd rxrsdlr enq sgd qdbnudqx ne ahnlnkdbtkdr…] qduhdv- Rbh
Sdbgmnk- 1/00:0&0(96,05-

54- Aöknv L+ Ih W+ Gdkc B- Hmbnqonq]shmf ] bnmbdmsq]shnm,cdodmcdms

chdkdbsqhb bnmrs]ms hmsn dOB,R@ES- @m ]ookhb]shnm sn ahm]qx lhwstqdr

bnms]hmhmf hnmhb khpthcr- Ekthc OgWrd Dpthkhaq- 1/08:381915,22-

RTOONPSHMF HMENPL:SHNM

@cchshnm]k rtoonqshmf hmenql]shnm l]x ad entmc nmkhmd hm sgd

Rtoonqshmf Hmenql]shnm rdbshnm ]s sgd dmc ne sghr ]qshbkd-

Gnv sn bhsd sghr Yqshbkd9Vxrnby]mrj] J+ Cn GS+ R]cnvrjh F+

L]bdcn D@+ Gdkc B- O]qshshnmhmf ne v]sdq,rnktakd uhs]lhmr hm

ahncdfq]c]akd ]ptdntr svn,og]rd rxrsdlr9 Dkdbsqnkxsd

odqstqadc,bg]hm rs]shrshb]k ]rrnbh]shmf ekthc sgdnqx oqdchbshnmr

]mc dwodqhldms]k u]khc]shnm- :HBgD I- 1/1/:559d05873-

gssor9..cnh-nqf.0/-0//1.]hb-05873

02 ne 02 VXRNBY@MRJ@ DS @K-
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