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RsptbstpXk�DwokXmXshnm�ne�sgd�Chdkdbsphb�DmgXmbdldms��
ne�AXphtl�ShsXmXsd�LXmnoXpshbkdr�Fpnvm�tmcdp�
GxcpnsgdplXk�Bnmchshnmr

.mX�E-�RtyXmX*)�RhygXm�Kht*�Ihdbgdmf�ChXn*�Knmfknmf�Vt*�SXcdrrd�.-�.rrdeX*��
LhkhmcX�.adwinnm*�Qnrr�GXpcdp*�Vnmrti�BgX*�Dlhk�R-�Anyhm*�Xmc�HXm�J-�Qnahmrnm)

Tgdm�rxmsgdrhydc�tmcdp�bdpsXhm�bnmchshnmr)�aXphtl�shsXmXsd� AXShN3)�ASN(�
mXmnoXpshbkdr�Xpd�entmc�sn�gXud�sgd�mnm,sgdplncxmXlhb�btahb�rsptbstpd�Xs�
pnnl�sdlodpXstpd-�Sgdrd�oXpshbkdr�Xkrn�gXud�X�rdudpXk,enkc�dmgXmbdc�chdkdb,
sphb�bnmrsXms)�rnldshldr�dwbddchmf�6000)�Xmc�Xpd�vhcdkx�trdc�hm�sghm,kXxdp�
bXoXbhsnpr-�:�gxcpnsgdplXk�XoopnXbg�hr�trdc�sn�rxmsgdrhyd�ASN�mXmnbpxr,
sXkr)�vghbg�Xpd�bgXpXbsdphydc�ax�X�pXmfd�ne�ldsgncr)�hmbktchmf�W,pXx�Phdsudkc�
pdzmdldms�Xmc�sgd�ThkkhXlrnmflGXkk�XoopnXbg)�pdudXkhmf�sgd�opdrdmbd�ne�
rhfmhzbXms�hmgnlnfdmdntr�rspXhm�XrrnbhXsdc�vhsg�sgd�btahb�ogXrd-�Gnvdudp)�
W,pXx�oXhp�chrsphatshnm�etmbshnm�ldXrtpdldmsr�bkdXpkx�rgnv�sgd�knbXk�rsptb,
stpd�hr�knvdp�rxlldspx�sgXm�btahb-�Sghr�XooXpdms�hmbnmrhrsdmbx�hr�pdrnkudc�
ax�dwXlhmhmf�3C�ApXff�bngdpdms�ch5pXbshnm�hlXfdr�ne�rdkdbsdc�mXmnbpxrsXkr)�
vghbg�rgnv�sgd�dwhrsdmbd�ne��50 ml,rhydc�cnlXhmr)�vghbg�Xpd�hmsdpopdsdc�
Xr�sdspXfnmXk�svhmr)�Xmc�xds�bXtrd�sgd�XudpXfd�bpxrsXkkhmd�rsptbstpd�sn�XoodXp�
btahb-�Sgd�Xahkhsx�ne�sgdrd�svhm�antmcXphdr�sn�lhfpXsd�tmcdp�sgd�hmfitdmbd�ne�
dkdbsphb�zdkcr�dwokXhmr�sgd�chdkdbsphb�XmnlXkx�enp�sgd�mXmnbpxrsXkkhmd�ogXrd-
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]� gdw]fnm]k� og]rd� adbnldr� sgdqlncx,
m]lhb]kkx� rs]akd-� ;s� qnnl� sdlodq]stqd�
%QS(�ASN�]rrtldr�]� sdsq]fnm]k�rsqtbstqd)�
vghbg� ft]q]msddr� edqqndkdbsqhbhsx� tmcdq�
]lahdms� bnmchshnmr)� vhsg� trdetk� ]ookhb],
shnmr� ]r� ]� kd]c,eqdd� edqqndkdbsqhb� l]sd,
qh]k-Z2)3[�ASN�v]r�chrbnudqdc�hm�1941)Z4[�]mc�
rhmbd�sgdm�hs�g]r�addm�trdc�hm�sgd�e]aqhb],
shnm�ne�cduhbdr�rtbg�]r�ltkshk]xdq�bdq]lhb�
b]o]bhsnqr�%LIBBr(�ctd�sn�hsr�ohdyndkdbsqhb�
adg]uhnq� ]mc� sgd� dmg]mbdc� chdkdbsqhb�
oqnodqshdr� entmc� hm� m]mno]qshbkdr� %MOr()�
vhsg� vnqkc,vhcd� oqnctbshnm� dwbddchmf�
1012� tmhsr� odq� xd]q-Z5[� Sgd� cds]hkdc� tmcdq,
rs]mchmf�ne� sgd�chdkdbsqhb�dmg]mbdldms� hr�
k]bjhmf)�]mc�sgd�ldbg]mhrl�hr�rshkk�tmcdq�
hmudrshf]shnm-� Rdudq]k� ldsgncnknfhdr� ]qd�
trdc� hm� sgd� oqdo]q]shnm� ne� lds]k� nwhcdr�
rtbg� ]r� ASN)� hmbktchmf� rnkhc,rs]sd� qd]b,
shnmr)Z6[�sgd�rnk,fdk�qntsd)Z7[�]mc�lhbqnv]ud,
fthcdc� ]ooqn]bg-Z8[� Ne� o]qshbtk]q� hmsdqdrs�

gdqd�hr�sgd�vhcdkx,trdc�gxcqnsgdql]k�rxmsgdrhr)�vghbg�hr�]�oqn,
bdrr�enq�sgd�oqnctbshnm�ne�m]mn,�sn�lhbqnm,rhydc�bqxrs]kr�a]rdc�
nm�sgd�dmg]mbdldms�ne�sgd�rnktahkhsx�ne�sgd�hmhsh]k�lds]k�oqdbtq,
rnqr�tmcdq�ghfg,oqdrrtqd�rnkudms�bnmchshnmr-
ASN�m]mno]qshbkdr�]qd�jmnvm�sn�g]ud�]�rdudq]k,enkc�dmg]mbd,

ldms� ne� sgdhq� chdkdbsqhb� bnmrs]msr)�vhsg� ]�l]whltl� u]ktd� enq�
o]qshbkdr�hm�sgd�rhyd�q]mfd�140�mlZ9[�sn�1 µl-Z5[�Lncdkr�g]ud�addm�
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A]qhtl� shs]m]sd� %A]ShN3)�ASN(� hr�]�odqnurjhsd� sxod�nwhcd)�oqd,
rdmshmf�“ud�chÅdqdms�bqxrs]kkhmd�rsqtbstqdr�cdodmchmf�nm�sgd�sdl,
odq]stqd/�qgnlangdcq]k�]s�knv�sdlodq]stqd)�nqsgnqgnlahb)�sgdm�
sdsq]fnm]k� ]mc�adbnlhmf� btahb� ]anud�QB =� 120  °B-Z1[� Sgd� btahb�
rsqtbstqd� hr� rs]akd� to� sn� 1460  °B)� ]mc� ]anud� sghr� sdlodq]stqd)��
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oqnonrdc�enq�sghr�dmg]mbdc�chdkdbsqhb�adg]uhnq�]s�rl]kk�o]qshbkd�
rhyd)� hmbktchmf�bnqd,rgdkk� rsqtbstqdr)Z10[� cnl]hm�v]kk�lnshnm)Z11[�
nq� hmsdqm]k� qdrhct]k� rsqdrr� hm� “md,fq]hmdc� ASN-Z12)13[� Gdqd� vd�
oqnuhcd� rsqnmf� duhcdmbd� eqnl� Aq]ff� Bngdqdms� ChÅq]bshnm�
Hl]fhmf�%ABCH(�dwodqhldmsr�hm�e]unq�ne�]�lncdk�a]rdc�nm�“dkc,
hmctbdc�lhfq]shnm�ne�knv�dmdqfx�svhm�antmc]qhdrZ11)14[�adsvddm�
rsq]hmdc� m]mnrb]kd� sdsq]fnm]k� cnl]hmr� ]qq]xdc� hm� m]mno]qsh,
bkdr�vhsg�]udq]fd�btahb�rxlldsqx-�Dudm�sgntfg�sgd�o]q]dkdbsqhb�
btahb�og]rd� hr�mns� sgdqlncxm]lhb]kkx� e]unq]akd� ]s�QS)� rdudq]k�
qdrd]qbg vnqjr� g]ud qdonqsdc� sg]s� m]mnbqxrs]kr� ]cnos� ]� btahb�
bqxrs]kkhmd�rsqtbstqd�]s�]lahdms�bnmchshnmr�vhsg�nq�vhsgnts�sgd�
bndwhrsdmbd�ne�sgd�dwodbsdc�sdsq]fnm]k�og]rd-Z15fl18[�Sghr�cdlnm,
rsq]sdr� sg]s� sgd� bqxrs]kkhmd� rsqtbstqd� dunktshnm� hr� bnlokdw� ]mc�
udqx� rdmrhshud� sn� sgd� rxmsgdrhr� ldsgncnknfx� ]mc� bnmchshnmr-�
Rhmbd� sgd�btahb�lds]rs]akd�og]rd�]s�QS� hr�bnllnmkx�qdonqsdc�
enq�ASN)�rdudq]k�dwok]m]shnmr�g]ud�addm�oqnonrdc�enq�hsr�rs]ahkh,
y]shnm-�Nmd�lncdk�hr�sg]s�A]2)�u]b]mbhdr�]mc�gxcqnwxk�hnmr�]qd�
hmbnqonq]sdc� hmsn� sgd�bqxrs]kkhmd� k]sshbd-Z19[�Fhudm� sgd�mddc�ne� ]�
udqx�ghfg�oG�dmuhqnmldms�enq�sgd�gxcqnsgdql]k�rxmsgdrhr�%oG�
=�12)� rdd�adknv()� sgd� hmbnqonq]shnm�ne�NG+� hmsn� sgd�bqxrs]kkhmd�
rsqtbstqd�hr�bnllnm�]mc�g]r�addm�vhcdkx�qdonqsdc-Z15)19)20[�Sgd�
rdbnmc�lncdk� rtffdrsr� sg]s�vgdm� sgd�gxcqnsgdql]k� ]ooqn]bg�
hr� trdc)� sgd� rxmsgdrhr� o]q]ldsdqr)� rtbg� ]r� cduh]shnmr� hm� sgd�
A]/Sh�lnk]q� q]shn� ]mc� sgd� rxmsgdrhr� sdlodq]stqd)� rs]ahkhyd� sgd�
btahb�og]rd-Z21)22[�Sgd� sghqc�lncdk� hr�a]rdc�nm� sgd� bqhshb]k� rhyd�
]qftldms)�qdk]sdc�sn� sgd�dwbdrr�rtqe]bd�dmdqfx�]rrnbh]sdc�vhsg�
]kk�MOr)�vgdqd�o]qshbkdr�adknv�]�}bqhshb]k�rhyd–�]qd�oqnlosdc�sn�
g]ud� btahb� rxlldsqx-Z23[� Sghr� hr� ax� ]m]knfx� sn� sgd� enql]shnm�
ne� ]m]s]rd)� q]sgdq� sg]m� qtshkd� enq�MOr�ne�ShN2-Z24[�Gdqd�vd�vhkk�
]qftd� hm� e]unq�ne ]� entqsg�lncdk)� hm�vghbg� sgd� btahb�og]rd� hr�
rs]ahkhydc�ax�rsq]hm-
Gdqd)�vd�rstcx�sgd�m]mnbqxrs]kr�nas]hmdc�ax�]�gxcqnsgdql]k�

]ooqn]bg� sn� oqnctbd� ghfg,pt]khsx� ASN�MOr)� trhmf� ]� q]mfd� ne�
chÅdqdms� rxmsgdrhr� bnmchshnmr/� nmd� rds� ne� rxmsgdrdr� v]r� cnmd�
]s� 180  °B)� trhmf� chÅdqdms� ]kbngnkr)� ]mc� nmd� r]lokd� vhsg� mn�
]kbngnk�v]r� oqdo]qdc� enq� bnlo]qhrnm� otqonrdr-� Sgd� qdk]shudkx�
knv�sdlodq]stqd� hr�qdonqsdc�sn� kd]c�sn� sgd�enql]shnm�ne�]�lhw,
stqd�ne�lds]rs]akd�btahb�]mc�sdsq]fnm]k�og]rdr�]s�QS-Z21[�;mnsgdq�
r]lokd�v]r�oqdo]qdc�trhmf�240 °B�]r�sgd�mnlhm]k�sdlodq]stqd)�
]mc�]�ghfgdq�A].Sh�lnk]q� q]shn)�vghbg� hr� qdonqsdc� sn� kd]c�oqd,
cnlhm]mskx�sn�sgd�enql]shnm�ne�sgd�sdsq]fnm]k�rxlldsqx�og]rd-�
Sgd�fn]k�ne�sghr�hmudrshf]shnm�v]r�sn�cdsdqlhmd�sgd�hmfitdmbd�ne�
sgd�gxcqnsgdql]k�rxmsgdrhr�o]q]ldsdqr�hm�sgd�enql]shnm�ne�sgd�
ASN�lds]rs]akd� btahb� og]rd)� mnshmf� sg]s� sgd� sgdqlncxm]lhb�
rs]akd� og]rd� hr� sdsq]fnm]k-� ;snlhb� o]hq� chrsqhatshnm� etmbshnm�
%OCE(� sdbgmhptd� ]mc�Q]l]m� rodbsqnrbnox� rgnv� sg]s� sgd� bqxr,
s]kkhmd�rsqtbstqd� hr� knb]kkx�chrsnqsdc-�Eqnl�sgd�W,q]x�chÅq]bshnm�
%WQC(�c]s]�sgd�bqxrs]kkhmd�rsqtbstqd�v]r�qd“mdc�trhmf�sgd�Qhds,
udkc�ldsgnc)�]mc�Thkkh]lrnmflG]kk�%TflG(�oknsr�vdqd�oqdo]qdc�
enq� ]kk� sgd� r]lokdr)� eqnl�vgdqd�vd� cdsdqlhmdc� sgd� bqxrs]kkhsd�
rhyd�]mc�hmgnlnfdmdntr�rsq]hm�%lhbqnrsq]hm(-�Sgdrd�c]s]�hmch,
b]sd�sg]s�sgd�rsqtbstqd�hr)�nm�]udq]fd)�dhsgdq�etkkx�btahb�nq�sgdqd�
hr�]�lhwstqd�btahb)sdsq]fnm]k�]s�QS)�cdodmchmf�nm�sgd�r]lokd-�
Enq� bnlo]qhrnm)� vd� ]krn� hmudrshf]sdc� ]� bnlldqbh]k� ASN�
m]mnbqxrs]k�r]lokd)�rtoonrdc�sn�ad�etkkx�sdsq]fnm]k)�]r�]�qdedq,
dmbd-�Td sgdm�trdc�Aq]ff�bngdqdms�chÅq]bshnm�hl]fhmf�%ABCH)�
rdd�Rtoonqshmf�Hmenql]shnm�enq� sdbgmhptd�cds]hkr(� sn�rgnv�sgd�
oqdrdmbd�ne�og]rd,rghesdc�cnl]hmr�vhsghm� sgd�MOr)�vghbg�b]m�
ad�hmsdqoqdsdc�]r�svhm�cnl]hmr�bqnrrhmf�sgd�o]qshbkdr-

2-�Pdrtksr�Xmc�Chrbtrrhnm

2-1-�OXpshbkd�RgXod�Xmc�Rhyd

Sgd� fq]hm� rhyd� ]mc� lnqognknfx� ne� sgd� ASN� m]mnbqxrs]kr� vdqd�
hmudrshf]sdc� “qrs� ax� rb]mmhmf� dkdbsqnm� lhbqnrbnox� %RDL(-�
�gerlb 1�rgnvr�qdoqdrdms]shud�hl]fdr�ne�sgd�“ud�chÅdqdms�r]lokdr�
rxmsgdrhydc� tmcdq� gxcqnsgdql]k� bnmchshnmr)� ]knmfrhcd� ]� bnl,
ldqbh]k�r]lokd-�Sgd�r]lokdr�m]lhmf�]ssqhatshnm�hr�cdrbqhadc�hm�
sgd�Dwodqhldms]k�Rdbshnm-�Eqnl�sgd�hl]fdr�nmd�b]m�rdd�sg]s�sgd�
fdmdq]k�lnqognknfx�hr�btad,rg]odc-�Hm�odqnurjhsd�rsqtbstqdr)�sgd�
z100{�ok]mdr�g]ud� sgd� knvdrs�rtqe]bd�dmdqfx�]mc)� sgdqdenqd)� sgdx�
g]ud�sgd�rknvdrs�fqnvsg�q]sd-�Sgd�ghfgdq�dmdqfx�z111{�dcfdr�ne sgd�
btahb,rg]odc�o]qshbkdr�fqnv�oqdedq]akx)�]mc�sgd�qdrtkshmf�dpthkha,
qhtl�rg]od�ne�sgd�rsqtbstqd�hr�btahb-Z15[�Eqnl�sgd�RDL�hl]fdr�nmd�
b]m�bkd]qkx� rdd� sg]s�vgdm�mn�]kbngnk�v]r�trdc)� sgd�m]mnbqxrs]kr�
]rrtld�]�rogdqhb]k�rg]od)�vhsg�]�qntfg�rtqe]bd)�hm�bnmsq]rs�vhsg�
sgd�rg]qo�sdqlhm]shnmr�rddm�enq�sgd�m]mnbqxrs]kr�vgdm�]m�]kbngnk�
v]r�trdc� hm� sgd�rxmsgdrhr�oqnbdctqd)� Hmchb]shmf� sg]s� sgd�]kbngnk�
ok]xr�]�qnkd�hm�sgd�e]bds�rs]ahkhy]shnm�ne�sgd�ASN�m]mnbqxrs]kr-

2-2- Knmf,PXmfd�Npcdp

�gerlb  2]� chrok]xr� sgd� WQC� o]ssdqmr� enq� sgd� rhw� r]lokdr� %rdd�
Ldsgncr� enq� etqsgdq� cds]hkr(-� Sgd� hmrds� rgnvr� sg]s)� vgdm� sgd�
r]lokd� hr� sdsq]fnm]k)� sgdqd� hr� ]� od]j� rokhsshmf� ne� sgd� %110(� hmsn�
%110(�]mc�%101(�qdfidbshnmr)�rdo]q]sdc�hm�qdbhoqnb]k�ro]bd)�]r�bkd]qkx�
rgnvm�enq�sgd bnlldqbh]k�r]lokd-�Sgdqd�hr�]�rhlhk]q�od]j�rokhs,
shmf�enq�sgd�z200{�rds�ne�ok]mdr�hm�sgd�btahb�rsqtbstqd)�sg]s�rokhsr�
hmsn�%002(�]mc�%200(�enq�sgd�sdsq]fnm]k�og]rd)�rgnvm�hm�Ehftqd�R1)��
Rtoonqshmf� Hmenql]shnm-� Eqnl� sgdrd� oknsr)� hs� hr� hlldch]sdkx�
mnshbd]akd� sg]s� sgdqd� hr� ]�lhwstqd� ne� ansg� sdsq]fnm]k� ]mc� btahb�
og]rdr�]s�QS�enq�sgd�dsg]mnk)�mn�]kbngnk)�]mc�240 °B�r]lokdr-�Sn�
dwsq]bs� sgd�qdk]shud�bnlonrhshnm�ne� sgd�lhwstqd)�vd�odqenqldc�]�
Qhdsudkc�qd“mdldms�ne�sgd�bqxrs]kkhmd�rsqtbstqd)�chrbtrrdc�adknv-
Eqnl�sgd�WQC�o]ssdqmr)�Qhdsudkc�]m]kxrhr�v]r�cnmd�enq�]kk�sgd�

ASN�MOr-�Ehftqd�R2)�Rtoonqshmf�Hmenql]shnm)�rgnvr�sgd�qd“md,
ldms�oknsr)�]mc�FTaib 1�rtll]qhydr�sgd�o]q]ldsdqr�nqhfhm]shmf�
eqnl�sgd�bqxrs]kkhmd�qd“mdldms-�Rdudq]k�]cchshnm]k�od]jr�b]m�ad�
rddm�enq�sgd�r]lokd�ASN�dsg]mnk)�]kk�ne�sgdl�hmcdwdc�]r�a]qhtl�
b]qanm]sd�%A]BN3()�]�hlotqhsx�bnllnmkx�qdonqsdc�hm�sgd�gxcqn,
sgdql]k�rxmsgdrhr�ne�ASN-Z17[�;kk�sgd�r]lokdr�oqdrdmshmf�A]BN3�
vdqd�v]rgdc�vhsg�]�3 �gxcqnbgknqhb�]bhc�rnktshnm)�enkknvdc�ax�
bdmsqhetf]shnm)�]mc�nmkx�Aq]ff�od]jr�eqnl�sgd�ASN�og]rd�vdqd�
rddm�hm�]�WQC�k]anq]snqx�ld]rtqdldms�enq�sgdrd�r]lokdr�]esdq�
sgd� v]rghmf� oqnbdctqd)� cdlnmrsq]shmf� sg]s� sgd� ]bhc� v]rghmf�
qdlnudr� sgd�A]BN3-�Enq� sgd� bnlldqbh]k� r]lokd)� sgd� rsqtbstqd�
hr� l]hmkx� bnlonrdc� ne� sdsq]fnm]k� og]rd)� vhsg� bndwhrsdmbd� ne�
btahb� og]rd-� ;�lhmnq� bnmbdmsq]shnm� ne� A]BN3� hr� ]krn� oqdrdms-�
Enq�sgd�r]lokdr�ats]mdchnk�]mc�OF)�sgd�rsqtbstqd�hr�etkkx�btahb)�
]mc�enq� sgd�r]lokdr�240 °B)�dsg]mnk)�]mc�mn�]kbngnk)� sgdqd� hr�]�
lhwstqd�ne�ansg�og]rdr-�Tghkd�sgd�bqxrs]kkhsd�rhyd�ne�sgd�bnlldq,
bh]k�r]lokd�hr�hm�fnnc�]fqddldms�vhsg�sgd�RDL�hl]fdr)�enq�sgd�
r]lokdr�240 °B)�ats]mdchnk)�]mc�OF)� sgd�rhyd� hr�ltbg�rl]kkdq)�
]qntmc�25 ml)�sg]m�rgnvm�ax�sgd�RDL�hl]fhmf)�hmchb]shmf�sgd�
oqdrdmbd�ne�chrnqcdq�hm�sgd�r]lokd-�Sghr�nardqu]shnm�hr�bdmsq]k�sn�
sgd�bnmbktrhnmr�ne�sghr�o]odq�]mc�kd]cr�tr�sn�]�lncdk�dwok]hmhmf�
sgd� oqdrdmbd� ne� sgd� chrnqcdq)� a]rdc� lnrskx� nm� ABCH qdrtksr)�
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chrbtrrdc�adknv-�Sgd�rhydr�enq�sgd�dsg]mnk�]mc�mn�]kbngnk�r]l,
okdr�]qd�ahffdq)�hm�sgd�114fl194 ml�q]mfd-�Sgd�Qhdsudkc�]m]kxrhr,
cdqhudc�rsq]hm�enq�sgd�sdsq]fnm]k�og]rd�ne�sgd�bnlldqbh]k�r]lokd�
hr� udqx� rl]kk)� hmchb]shmf� ]� bnmudmshnm]k� bqxrs]kkhmd� rsqtbstqd-�
Gnvdudq)�sgd�lhbqnrsq]hm�enq�sgd�btahb�og]rd�bnlonmdms�hr�rta,
rs]msh]k� hm� ]kk� b]rdr-� Sgd� rsq]hm� u]ktdr� enq� sgd� r]lokdr� rxmsgd,
rhydc�ax�sgd�gxcqnsgdql]k�ldsgnc�]qd�ghfg)�]mc)�vgdm�sgdqd�hr�
]�lhwstqd� ne� og]rdr)� sgd� rsq]hm� enq� sgd� btahb�lds]rs]akd� og]rd�
v]r� ]kv]xr�ghfgdq� sg]m� sg]s� ne� sgd� sdsq]fnm]k� og]rd-�Sgd�ghfg�

lhbqnrsq]hm� u]ktdr� enq� sgd� btahb�og]rd� bntkc�ad�tmcdqrsnnc� ]r�
nqhfhm]shmf� eqnl� sgd� oqdrdmbd� ne� svhm� cnl]hm� qdfhnmr� vhsghm�
sgd�MOr)�]r�rtoonqsdc�ax�sgd�ABCH�]m]kxrhr�adknv-

2-3-�KnbXk�Npcdp

Sgd� ]snlhb�OCE�ldsgnc�trdr� ghfg� dmdqfx�W,q]xr� ]mc� oqnadr�
]�aqn]c�q]mfd�ne�qdbhoqnb]k�ro]bd-�Hm�ntq�vnqj)�OCE�c]s]�vdqd�

.cu-�Etmbs-�LXsdp-�2023)�2208012

Ehftpd�1-� RDL�hl]fdr�ne�sgd�]r,rxmsgdrhydc�r]lokdr�trhmf�sgd�gxcqnsgdql]k�ldsgnc-�](�ASN�dsg]mnk)�a(�ASN�240 °B)�b(�ASN�MOr�rxmsgdrhydc�trhmf�
ats]mdchnk)�c(�trhmf�oqnoxkdmd�fkxbnk)�d(�trhmf�mn�]kbngnk�hm�sgd�rxmsgdrhr�oqnbdctqd)�]mc�e(�sgd�bnlldqbh]k�ASN�r]lokd-

Ehftpd�2-� WQC�]mc�VflG�okns�ne�sgd�ASN�MOr- ](�WQC�o]ssdqmr ne�sgd�r]lokdr�rxmsgdrhydc�ax�sgd�gxcqnsgdql]k�]ooqn]bg�]mc�sgd�bnlldqbh]k�r]lokd�
%sgd�m]ldr�ne�sgd�r]lokdr�]qd�hmbktcdc�hm�sgd�anssnl�qhfgs�rhcd�ne�sgd�oknsr(-�Sgd�hmrds�dmk]qfdr�sgd�%110(�qdfidbshnm)�sg]s�hr�rokhs�hmsn�sgd�]cchshnm]k�
%101(�Aq]ff�od]j� hm� sgd�b]rd�ne� sdsq]fnm]k�og]rd-�a(�Vhkkh]lrnm,G]kk�oknsr���bnrθ�udqrtr�4�rhmθ� enq� sgd�ASN�r]lokdr)�vgdqd��� hr sgd�EVGL-�Sgd�
rsq]hfgs�khmdr�qdoqdrdms�sgd�khmd]q�“sr�enq�d]bg�r]lokd-�Sgd�m]ldr�ne�sgd�bnqqdronmchmf�r]lokdr�]qd�hmchb]sdc-�Sgd�qdfidbshnmr�hmcdwdc�]r�btahb�og]rd�
vdqd�oknssdc�rdo]q]sdkx)�rgnvm�hm�fq]x-�Sgd�sdsq]fnm]k�rxlldsqx�od]jr�]qd�rgnvm�hm�ak]bj-

 16163028, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adfm

.202208012 by Test, W
iley O

nline Library on [22/03/2023]. 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-Xel,intpmXk-cdvvv-XcuXmbdcrbhdmbdmdvr-bnl

2208012�  4�ne�10( ”�2023�Sgd�@tsgnqr-�@cu]mbdc�Etmbshnm]k�L]sdqh]kr�otakhrgdc�ax�Vhkdx,UBG�FlaG

bnkkdbsdc� ]mc�oqnbdrrdc�]r�cdrbqhadc� hm� sgd�Dwodqhldms]k�Rdb,
shnm)� ]mc� chqdbs� ro]bd� “sr� vdqd� b]qqhdc� nts� trhmf� btahb� ]mc�
sdsq]fnm]k�lncdkr�nudq�sgd�1-2fl80�”�q]mfd)�rgnvm�hm��gerlb 3]�
]r�vdkk�]r�nudq�1-2fl10�”� hm�Ehftqd 3a�trhmf�nqsgnqgnlahb�]mc�
qgnlangdcq]k� lncdkr� ]r� ]ookhdc� enq� sgd� ats]mdchnk� r]lokd�
c]s]-� Sgd� btahb�lncdk� f]ud� ] vnqrd�“s� sg]m� sdsq]fnm]k� enq� ]kk�
r]lokdr� %S]akd� R1)� Rtoonqshmf� Hmenql]shnm(� nudq� sgd� vhcd�
qd“mdldms� q]mfd)�vhsg�nmd�dw]lokd� rgnvm� hm�Ehftqd  3]-�Sgd�
chrsnqshnm� o]q]ldsdq� s� enq� sgd� sdsq]fnm]k� rsqtbstqd� v]r� drsh,
l]sdc�trhmf�sgd�cd“mhshnm�]cnosdc�eqnl�O]fd�ds�]k-Z25[�;cchshnm,
]kkx)�nqsgnqgnlahb�]mc�qgnlangdcq]k�lncdkr�vdqd�]krn�“s�nudq�
1-2fl10� ”� sn� ]bbntms� enq� rl]kk� ]oo]qdms� rokhsshmf� ne� sgd� Sh�N�
md]qdrs� mdhfganq� OCE� od]j� hmchb]shud� ne� etqsgdq� rxlldsqx�
knvdqhmf-� Hm� rnld� hmrs]mbdr� %rdd� S]akd� R2)� Rtoonqshmf� Hmenq,
l]shnm(� sgdrd� “sr� vdqd� fhuhmf� sgd� rl]kkdrs� “s� qdrhct]kr)� rtf,
fdrshmf�sg]s�sgd�tmcdqkxhmf�knb]k�%rta,m]mnldsdq(�nÅ,bdmsdqhmf�
chrsnqshnmr�]qd� khjdkx�]knmf� Z110[�nq� Z111[�chqdbshnmr)�q]sgdq� sg]m�
Z100[)�onqsq]xhmf� sgd�ltkshrb]kd� bnlokdwhsx�ne�cnl]hmr�]jhm� sn�
sg]s�qdonqsdc�hm�oqduhntr�OCE�vnqj�nm�A]ShN3-Z26[�Hlonqs]mskx)�

sgd�nardqu]shnm�eqnl�OCE�sg]s�sgd�knb]k�rsqtbstqd�hr�ne�knv�rxl,
ldsqx)� sdsq]fnm]k�nq� knvdq)� hr� hm�rs]qj�bnmsq]rs� sn� sgd�oqdedqdm,
sh]kkx�btahb�knmf,q]mfd�rsqtbstqd-
�gerlb 4]�rgnvr�sgd�Q]l]m�rodbsq]�enq�]kk�sgd�ASN�MOr-�Sgd�

oqdrdmbd� ne� rg]qo� a]mc� ]s� ]qntmc� 305� bl+1� hmchb]sdr� ]rxl,
ldsqx�vhsghm� sgd�ShN6� nbs]gdcq]� ne�ASN�]mc� hr� bnmrhcdqdc� sn�
ad� ]� “mfdqoqhms� ne� sgd� knb]k� rsqtbstqd� entmc� hm� sgd� sdsq]fnm]k�
og]rd-Z17)27fl29[�Sghr�a]mc� hr�duhcdms� enq�]kk� sgd�r]lokdr�rstchdc)�
]kadhs� vhsg� u]qxhmf� ]lokhstcd-� Rodbh“b]kkx)� sgd� a]mc� hr� lnqd�
oqnmntmbdc� enq� sgd� bnlldqbh]k)�240  °B�]mc�dsg]mnk� r]lokdr)�
hmchb]shmf� sg]s� sgd�l]hm�og]rd�oqdrdms� hr� sdsq]fnm]k)� hm�]fqdd,
ldms� vhsg� sgd� Qhdsudkc� qd“mdldmsr� chrbtrrdc� ]anud-� Q]l]m�
rodbsqnrbnox� hr� ]� knb]k� oqnad)� ]mc� sgd� hmchb]shnm� ne� sdsq]f,
nm]k� knb]k� rsqtbstqd� hr� bnmrhrsdms� vhsg� sgd� OCE� nardqu]shnmr-�
Ehftqd  4a� rgnvr� sgd� Entqhdq� sq]mrenql� hmeq]qdc� %ESHQ(� rodb,
sqnrbnox�b]qqhdc�nts�enq�sgd�ASN�onvcdqr-�Rodbh“b]kkx)�sgdqd�hr�]�
rg]qo�a]mc�]s�3500�bl+1�enq�sgd�ats]mdchnk)�mn�]kbngnk�]mc�OF�
r]lokdr-�Sghr�a]mc�g]r�addm�]ssqhatsdc�sn� k]sshbd�NG+� sq]oodc�
hm� sgd�bqxrs]kkhmd�rsqtbstqd-Z23[�Sgnrd�]qd�oqdbhrdkx� sgd�r]lokdr�

.cu-�Etmbs-�LXsdp-�2023)�2208012

Ehftpd�3-� OCE�]m]kxrhr�dw]lokd-�](�O]hq�chrsqhatshnm�etmbshnm�F%p()�]m]kxrhr�ne�sgd�ASN,ats]mdchnk�r]lokd�nudq�sgd�1-2fl80�©�q]mfd-�Ehs�qdrhct]kr)�pv)�]qd�
]r�hmchb]sdc-�a(�Ehsr�enq�sgd�ASN,ats]mdchnk�r]lokd�c]s]�trhmf�btahb)�sdsq]fnm]k)�nqsgnqgnlahb)�]mc�qgnlangdcq]k�lncdkr�nudq�sgd�1-2fl10�©�q]mfd-�Sgd�
hmrdsr�nm�sgd�sno�kdes�rgnv�OCE�ed]stqdr�qdk]sdc�sn�Sh�N�md]qdrs�mdhfganq�nbs]gdcq]k�chrs]mbdr�hm�ASN-�Udqshb]k�shbjr�l]qj�lncdk,oqdchbsdc�chrs]mbdr-

SXakd� 1-� O]q]ldsdqr� eqnl� sgd Qhdsudkc� qd“mdldms� enq� sgd�ASN�r]lokdr� rxmsgdrhydc� sgqntfg�gxcqnsgdql]k� ]ooqn]bg�]mc� sgd� bnlldqbh]k� r]lokd-��
B�]mc�S�cdmnsd�btahb�]mc�sdsq]fnm]k�og]rdr)�qdrodbshudkx-

R]lokd Og]rd�bnlonrhshnm�Z [ Rhyd�Zml[ Hmgnlnfdmdntr�rsq]hm�Z [ K]sshbd�o]q]ldsdqr�Z©[ Qvo�Z [

ASN�bnlldqbh]k B/14-1
S/ 84-9

A]BN3/�1-0

B/�203-7
S/�32-1

B/�0-64
S/�0-08

B/�X =�4-0088
S/�X =�3-9944)
b =�4-0358

9-83

ASN�240 °B B/�38-7
S/�61-3

B/�23-4
S/�28-3

B/�0-28
S/�0-26

B/�X =�4-0097
S/�X =�3-9942)
b =�4-0305

3-34

ASN�dsg]mnk B/�31-4
S/�55-1

A]BN3/�13-5

B/�191-7
S/�143-8

B/�0-48
S/�0-28

B/�X =�4-0144
S/�X =�3-9983)
b =�4-0309

9-64

ASN�ats]mdchnk B/�100 24-4 0-6 B/�X =�4-0289 5-74

ASN
mn�]kbngnk

B/�72-21
S/�26-83

A]BN3/�0-96

B/�194-0
S/�114-4

B/�0-49
S/�0-395

B/�X =�4-0198
S/�X =�4-0009)�b =�4-0299

8-56

ASN�OF B/�100 25-9 0-4859 B/�X =�4-0185 3-84
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vhsg� sgd� ghfgdq� bnmsdms� ne� btahb� rxlldsqx� og]rd� ]s� QS-� Sgd�
bnlldqbh]k� r]lokd)� vhsg� oqdcnlhm]mbd� ne� sdsq]fnm]k� og]rd)�
rgnvr� mn� a]mc� ]s� sghr� onrhshnm)� hlokxhmf� sg]s� sgd� btahb� rxl,
ldsqx�og]rd�]mc�sgd�oqdrdmbd�ne�k]sshbd�NG+�vhsghm�sgd�bqxrs]k,
khmd�rsqtbstqd�]qd�qdk]sdc-

2-4-�RspXhm�:mXkxrhr�epnl�Ch5pXbshnm�CXsX

Hm� ]cchshnm� sn� sgd�Qhdsudkc� ]m]kxrhr)�vd�trdc� sgd�Thkkh]lrnmfl
G]kk� %TflG(�]ooqn]bg� sn�cdsdqlhmd� sgd� hmgnlnfdmdntr�rsq]hm�
]mc� bqxrs]kkhsd� rhyd� enq� sgd� ASN� r]lokdr� eqnl� sgd� WQC� c]s]-�
Sgd�TflG�okns� enq� sgd� r]lokdr�ASN�OF)� ats]mdchnk)� ]mc� dsg,
]mnk� ]qd� rgnvm� hm�Ehftqd  2a-� Ehftqd�R3)� Rtoonqshmf� Hmenql],
shnm)�rgnvr�sgd�okns�enq�sgd�nsgdq�r]lokdr-�Sgd�rknod�ne�sgd�od]j�
vhcsg�udqrtr���okns�hr�]�chqdbs�ld]rtqd�ne�lhbqnrsq]hm-Z30[�Nmd�
dw]lokd�ne� sgd�“sshmf�ldsgnc�trdc� sn�dwsq]bs� sgd�od]j�vhcsgr�
hr�rgnvm�hm�Ehftqd�R4)�]mc�S]akd�R3)�Rtoonqshmf�Hmenql]shnm)�
rtll]qhydr�sgd�qdrtksr-�Enq�sgd�ASN�OF�]mc�ats]mdchnk�r]l,
okdr)�vghbg� ]qd� etkkx� btahb)� sgd� rknod� hr� udqx� rsqnmf� hmchb]shmf�
sgd�oqdrdmbd�ne�hmgnlnfdmdntr�rsq]hm-
;mnsgdq�qdl]qj]akd�ed]stqd�rddm�hm�sgd�TflG�o]q]ldsdqr�hr�

sg]s�sgd�bqxrs]kkhsd�rhyd�%hmsdqbdos�ne�TflG�okns(�enq�sgd�ASN�OF)�
ats]mdchnk�]mc�mn�]kbngnk�r]lokdr�hr�rl]kkdq�sg]m�rddm�hm�sgd�
RDL� hl]fdr� %Ehftqd  1(-� Enq� sgd�240  °B� r]lokd)� sgd� bqxrs]kkhsd�
rhyd�hr�27-7 ml�enq�sgd�btahb�og]rd�]mc�23-7 ml�enq�sgd�sdsq]f,
nm]k�og]rd-�Sgd�r]ld�b]m�ad�rddm�hm�sgd�ASN�dsg]mnk�]mc�mn�
]kbngnk�r]lokdr)�vgdqd�sgd�bqxrs]kkhsd�rhyd�hr�102�]mc�45 ml�enq�
sgd�sdsq]fnm]k�onqshnm)�qdrodbshudkx)�vghkd�enq�sgd�btahb�onqshnm�
hs�hr�udqx�rl]kk�%mdf]shud�hmsdqbdos(-�Sgdrd�sqdmcr�]qd�hm�]bbnqc,
]mbd�vhsg� sgd� Qhdsudkc� qd“mdldms)� ]ksgntfg� sgd� rsq]hm� u]ktdr�
nas]hmdc� eqnl� sgd� Qhdsudkc� ]qd� rkhfgskx� k]qfdq� sg]m� eqnl� sgd�
TflG�oknsr-�Fhudm�sg]s�sgd�rsq]hm�hr�lnqd�oqnmntmbdc�enq�k]qfdq�
2θ�]mfkdr)� sghr�chrbqdo]mbx�hr�oqna]akx�ctd�sn�sgd�e]bs� sg]s� sgd�
Qhdsudkc�qd“mdldms�v]r�cnmd�nudq�]�aqn]c�q]mfd�ne�rb]ssdqhmf�
]mfkdr)�vgdqd]r� sgd�TflG�oknsr�vdqd�l]cd� itrs� enq� sgd� knvdq�
]mfkd�od]jr-

2-5-�ApXff�Bngdpdms�Ch5pXbshnm�HlXfhmf�Pdbnmrsptbshnmr

Sgd� Qhdsudkc� qd“mdldms� ]mc� sgd� TflG� ]m]kxrdr� rgnv� sg]s�
lhbqnrsq]hm�]r�vdkk�]r�]mnl]kntrkx�rl]kk�fq]hm�rhydr�]qd�]rrnbh,
]sdc�vhsg� sgd�btahb,og]rd�r]lokdr-�Sn�tmcdqrs]mc�sgdrd�rsqtb,
stq]k� sqdmcr)� vd� odqenqldc� ABCH� dwodqhldmsr� nm� hmchuhct]k�
MOr-�Sghr�odqlhsr�sgd�tmcdqrs]mchmf�ne�sgd�rsq]hmr�hm�sdqlr�ne�
qd]k,ro]bd�hl]fdr)�ats�g]r�sgd�chr]cu]ms]fd�ne�knnjhmf�]s�rhmfkd�
o]qshbkdr�]mc�k]bjr�sgd onotk]shnm�]udq]fhmf�ne�sgd�onvcdq�che,
eq]bshnm ldsgncr- ASN MOr g]ud addm hl]fdc adenqd trhmf sghr
sdbgmhptd-Z31fl33[

�gerlb  5]flc� rgnvr� sgd� ABCH� qdbnmrsqtbshnmr� ne� sgd� ASN�
dsg]mnk)� OF)� ats]mdchnk)� ]mc� 240  °B� r]lokdr-� Td� ld]rtqdc�
rdudq]k� m]mnbqxrs]kr� eqnl� d]bg� rds� ne� rxmsgdrhr� bnmchshnmr� hm�
ntq�ABCH�dwodqhldmsr)�]mc�sgd�qdbnmrsqtbshnmr�rgnvm�gdqd�]qd�
qdoqdrdms]shud-�Sgd�r]lokd bnms]hmhmf�mn�]kbngnk�chc�mns�fhud�]�
ld]rtq]akd�bngdqdms�chÅq]bshnm�o]ssdqm)� hmchb]shmf�sgd�bqxrs]k,
khmhsx�v]r�snn�onnq�sn�fhud�]�qdbnmrsqtbshnm-�Hm�ABCH)�sgd�og]rd��
qdoqdrdmsr� sgd� oqnidbshnm� ne� sgd� chrok]bdldms� “dkc� nm� sgd��
�� udbsnq�chqdbshnm� %ak]bj�]qqnvr(� bnlo]qdc�vhsg� sgd�]snlr� hm�
sgd�dpthkhaqhtl�onrhshnm)�]r�cdsdqlhmdc�ax�Dpt]shnm %1(/Z34[

Q �r Q� ( � (Φ = � %1(

vgdqd� Q� (Φ �qdoqdrdmsr�sgd�og]rd�rghes�ld]rtqdc�]r�]�etmbshnm�
ne�onrhshnm)�T)�hm�sgd�hl]fd)���hr�sgd�lnldmstl�sq]mredq�udbsnq�
]mc� r%T(� hr� sgd� chrok]bdldms� udbsnq-� Sgdqdenqd)� sgd� onrhshud�
qdc� bnknqdc�og]rd� qdoqdrdmsr� ]snlr�chrok]bdc� hm� sgd�chqdbshnm�
ne� sgd���udbsnq)�]mc�sgd�mdf]shud�aktd�bnknq� hr�]knmf�sgd�noon,
rhsd�chqdbshnm-�Eqnl�sgd�3C�qdbnmrsqtbshnmr)�hs�b]m�ad�rddm�sg]s�
sgdqd� ]qd� dlosx� dkdbsqnm� cdmrhsx� qdfhnmr� vhsghm� sgd� bqxrs]kr)�
hmchb]shmf� sg]s� ]mx� l]sdqh]k� oqdrdms� hr� dhsgdq� lhrnqhdmsdc� nq�
ghfgkx�rsq]hmdc-�Hm�]kk�b]rdr�sgd�m]mnbqxrs]kr�rddm�sn�ad�chuhcdc�
to� hmsn�cnl]hmr�vhsg�]� sxohb]k�rhyd�ne�≈50 ml-�Sgd� sq]mrhshnm�
qdfhnmr� adsvddm� sgd� cnl]hmr)� vgnrd� rhyd� hr� mns� etkkx� du]kt,
]sdc�adb]trd�ne�sgd�khlhsdc�qdrnktshnm�%30 ml()�]qd�sgd�cnl]hm�
v]kkr-� Sgd� og]rd� q]mfd� enq� ]kk� sgd� qdbnmrsqtbsdc� o]qshbkdr� hr�
aqn]c)� hmchb]shmf� rsqnmf� qdk]shud�chrok]bdldms�ne� sgd�]snlr� hm�
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Ehftpd�4-� ](�Q]l]m�rodbsq]�ne� sgd�ASN�onvcdqr-�Sgd�a]mcr�ghfgkhfgsdc� hm�sgd�xdkknv�anwdr�%185)�310)�515)�]mc�715�bl+1(�]qd�nqhfhm]shmf�eqnl�sgd�
sdsq]fnm]k�rsqtbstqd�ne�ASN-�a(�ESHQ�rodbsq]�ne�sgd�ASN�r]lokdr�rxmsgdrhydc�tmcdq�chmdqdms�bnmchshnmr)�]mc�sgd�bnlldqbh]k�r]lokd-�@kk�sgd�r]lokdr�
vdqd�sgdql]kkx�sqd]sdc�enq�20 g�]s�120 °B�hm�nqcdq�sn�]unhc�rtqe]bd�NG+�fqntor�bnlhmf�eqnl�v]sdq-
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sgd� bqxrs]kkhmd� rsqtbstqd)� hm� sgd� r]ld� r]lokdr� sg]s� rgnv� sgd�
oqnmntmbdc�hmgnlnfdmdntr�rsq]hm�dwsq]bsdc�eqnl�sgd�Qhdsudkc�
qd“mdldms�]mc�TflG�oknsr-�Rhmbd�sgd�rsqtbstqd�g]r�rhfmh“b]ms�
rsq]hm� ]mc� sghr� hr� ]ssqhatsdc� sn� sgd�cnl]hm,v]kk� qdfhnmr� hm� sgd�
rhlokdrs�ohbstqd)�sgdrd�ltrs�qdoqdrdms�]�rhfmh“b]ms�eq]bshnm�ne�
sgd�sns]k�unktld-
�gerlb  u]� rgnvr� etqsgdq� cds]hk� ne� sgd� 3C� qdbnmrsqtbshnm� ne�

nmd�MO�ld]rtqdc�hm�ntq�ACBH�dwodqhldms�ne�sgd�r]lokd�ASN�

240 °B-�Ehftqd 6a�rgnvr�sgd 3C�qdbnmrsqtbshnm�vhsg�]�knv�kdudk�
ne�no]bhsx)� ]mc� sgd�onrhshnm�ne�nmd�bqnrr�rdbshnm]k� rkhbd)�vghbg�
hr�chrok]xdc� hm�Ehftqd  6b-�Ehftqd  6c�rgnvr� sgd�og]rd� khmd�okns�
nudq� sgd�vghsd� khmd� rgnvm� hm�Ehftqd  6b-�Sghr� sqh]mftk]q�og]rd�
oqn“kd�b]m�ad�dwok]hmdc�ax�sgd�enql]shnm�ne�ldqngdcq]k�svhmr�
adsvddm�sdsq]fnm]k�rtacnl]hmr�hkktrsq]sdc�hm�Ehftqd 6d-�Sgdrd�
svhmr� g]ud� hmsdqbg]mfdc� ]� ]mc� b� ]whr� chqdbshnmr)� vghbg�ldds�
]s z110{� cnl]hm� v]kkr� nqhdmsdc� ]s� ≈45°-� Sgd�ldqngdcq]k� svhm�

.cu-�Etmbs-�LXsdp-�2023)�2208012

�1-7 2-4.
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a

b

�0-0 1-5.

)ePrd� hPa(

c

Ehftpd�5-� ABCH�qdbnmrsqtbshnmr�ne�sgd�ASN�m]mnbqxrs]kr�rxmsgdrhydc�trhmf�sgd�gxcqnsgdql]k�]ooqn]bg-�Ehqrs�bnktlm�rgnvr�]�2C�chmq]bshnm�o]ssdqm�
bknrd�sn�sgd�bdmsdq�ne�sgd�qdbnqcdc�qnbjhmf�btqud)�sgd�rdbnmc�bnktlm�sgd�3C�qdbnmrsqtbshnm�ne�sgd�dkdbsqnm�cdmrhsx�l]oodc�nts�]r�og]rd)�]mc�sgd�sghqc�
bnktlm�]�bqnrr,rdbshnm�ne�sgd�og]rd�chrsqhatshnm�hmrhcd�sgd�o]qshbkd�enq�d]bg�r]lokd-�](�ASN�dsg]mnk:�a(�ASN�OF:�b(�ASN�ats]mdchnk�]mc�c(�ASN�240 °B-�
Sgd�ak]bj�]qqnv�qdoqdrdmsr�sgd�chqdbshnm�ne�sgd�P�udbsnq�ne�sgd�%110(�qdfidbshnm-�Sgd�rb]kd�a]q�qdoqdrdmsr�100 ml�enq�]kk�sgd�o]qshbkdr-
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fhudr� qhrd� sn� udqx� rl]kk,]mfkd� fq]hm� antmc]qhdr)� tmkhjd� sgd�
l]bqnrbnohb� z111{� rs]bjhmf� e]tksr� qdonqsdc� oqduhntrkx-Z35[� Bnm,
rhcdqhmf� ]� svhm� cnl]hm� qdoqdrdmsdc� hm� sgd� bdmsq]k� onqshnm� ne�
sgd� bqxrs]kkhmd� rsqtbstqd� cq]vm� hm� Ehftqd  6d)� hs� hr� onrrhakd� sn�
b]kbtk]sd� sgd� rghes� hm� og]rd� ]r� ]� etmbshnm� ne� sgd� svhm� ro]bhmf�
chrs]mbd�u�%rgnvm�hm�Ehftqd 6d)�odqodmchbtk]q�sn�sgd���udbsnq(�
hmrhcd� sgd� m]mnbqxrs]k)� a]rdc� nm� rhlokd� fdnldsqhb� bnmrhc,
dq]shnmr-� Pt]mshs]shud� ]m]kxrhr� ne� Ehftqd  6c� rgnvr� sgdqd� hr� ]�
og]rd� rghes� ne 7-36� q]ch]mr� ]bqnrr� ]� svhm� cnl]hm� ne� sghbjmdrr��
>u =�47 ml:�sgd�fdnldsqhb�b]kbtk]shnm�“mcr�sgd�b.]�q]shn�hr�1-0035-�
Sghr�ohbstqd�hr�hm�fnnc�]fqddldms�vhsg�sgd�ghfg�rsq]hm�rddm�hm�
sgd�Qhdsudkc.TflG�oknsr�]mc�vhsg�sgd�knb]k�sdsq]fnm]k�rsqtbstqd�
rddm� ax� Q]l]m� ]mc� OCE)� ]r� chrbtrrdc� ]anud-� Fhudm� sg]s� sgd�
rsqtbstqd�hr� knb]kkx�sdsq]fnm]k)� he� sgd�cnl]hmr�]qd�qdftk]qkx�chr,
sqhatsdc�hm�sgd�sgqdd�bqxrs]kkhmd�chqdbshnmr)�sgd�rsqtbstqd�vntkc�
]ood]q�btahb�nm�]udq]fd)�vghbg�hr�]krn�bnmrhrsdms�vhsg�sgd�WQC�
qdrtksr-�Gnvdudq)�rhmbd�vd�b]m�rdd�sgd�sdsq]fnm]k�og]rd�hm�sgd�

Qhdsudkc�]m]kxrhr�%h-d-)�knmf,q]mfd�nqcdq()�sgd�chrsqhatshnm�ne�sgd�
svhm�cnl]hmr�hr�mns�gnlnfdmdntr�nudq�]kk�sgd�r]lokdr-
Sn� dwok]hm� sgd� dmg]mbdc� chdkdbsqhb� adg]uhnq� ne� m]mn,rhydc�

ASN)�vd� oqnonrd� ]�lncdk� a]rdc� nm� sgd� ABCH� qdrtks� sg]s� sgd�
btahb� rs]sd� hr� ]� rtodqonrhshnm� ne� rsq]hmdc� sdsq]fnm]k� cnl]hmr-�
Sgd�lncdk)� rgnvm� hm� Ehftqd  6e)� hr� ]c]osdc� eqnl� sgd� bnmbkt,
rhnmr� ne� ]� “dkc,cdodmcdms� WQC� rstcxZ11[� ]mc� hr� bnmrhrsdms�
vhsg� ntq�WQC�c]s])� Qhdsudkc� qd“mdldms)� OCE� ]m]kxrhr)� ABCH�
qdrtksr)� ]mc� Q]l]m� rodbsqnrbnox-� Tgdm� mn� dkdbsqhb� “dkc� hr�
]ookhdc)�sgd�knb]kkx�sdsq]fnm]k�cnl]hmr�]qd�oqdrdms�hm�sgd�sgqdd�
chÅdqdms� bqxrs]kknfq]oghb� chqdbshnmr� hm� sgd� r]lokd)� b]mbdkkhmf�
nts�sgd�onk]qhy]shnm-�Tgdm�]m�dwsdqm]k�dkdbsqhb�“dkc�hr�]ookhdc)�
sgd�cnl]hmr�onhmshmf� hm sgd�“dkc�chqdbshnm� sdmc� sn�fds�ahffdq)�
fhuhmf�qhrd�sn�]�mds�onk]qhy]shnm-�Adb]trd�sgd�90°�svhm�antmc],
qhdr� ]qd� eqdd� ne� cdedbsr)� sgdx� b]m�lhfq]sd� q]ohckx� ]mc� oqnuhcd�
sgd� ghfg,eqdptdmbx� odqenql]mbd� mddcdc� enq� sgd�LIBBr-� Sgd�
oqdrdmbd�ne�90°�cnl]hm�v]kkr�hm�ASN�bqxrs]kr�ne�chÅdqdms�rhydr�

.cu-�Etmbs-�LXsdp-�2023)�2208012

Ehftpd�6-� Oqnonrdc�svhm�cnl]hm�lncdk�eqnl�sgd�ABCH�]m]kxrhr-�](�3C�qdbnmrsqtbshnm�ne�nmd�m]mnbqxrs]k�ld]rtqdc�ne�sgd�r]lokd�ASN�240 °B�l]oodc�
nts�]r�]�og]rd�hrnrtqe]bd:�a(�sq]mrktbdms�bnox�rgnvhmf�sgd�onrhshnm�ne�sgd�bqnrr�rdbshnm]k�rkhbd�rgnvm�hm�%b(:�c(�og]rd�khmd�okns�]knmf�sgd�vghsd�khmd�
rgnvm�hm�%b(:�onhmsr�1�]mc�2�qdoqdrdms�sgd�hmhsh]k�]mc�“m]k�onhmsr�]r�rgnvm�hm�%b(-�Sgd�og]rd�rb]kd�hr�sgd�r]ld�enq�o]mdkr�%]flb(-�d(�rbgdl]shb�ne�]�svhm�
cnl]hm�%bdmsq]k�onqshnm�ne�sgd�bqxrs]k(:�sgd�b+X�chmdqdmbd�hr�dw]ffdq]sdc�sdm�shldr�enq�hkktrsq]shnm�otqonrdr�]mc�sgd�bqxrs]kkhmd�tmhs�bdkk�hr�rgnvm�nm�sgd�
anssnl�kdes)�vhsg�sgd�k]sshbd�o]q]ldsdqr�b�]mc�]-�Sgd�rg]cdc�aktd�khmdr�qdoqdrdms�sgd�ldqngdcq]k�svhm�antmc]qhdr-�Sgd nq]mfd�c]rgdc�khmd�hm�%c(�]mc�
%d(�qdoqdrdms�sgd�lnctk]shnmr�b]trdc�ax�sgd�oqdrdmbd�ne�sgd�svhm)�g]uhmf�]�chrshmbshud�rknod-�e(�Rbgdl]shb�lncdk�ne�sgd�chdkdbsqhb�qdronmrd/�sgd�rsqhodr�
qdoqdrdms�sgd�cnl]hmr�vhsghm�sgd�MO)�]mc�sgd�fqddm�]qqnvr�qdoqdrdms�sgd�chqdbshnm�ne�sgd�onk]qhy]shnm)�]knmf�sgd�b,]whr-�Sgd�ak]bj�]qqnvr�rgnvm�hm�%b(�
]mc�%d(�qdoqdrdms�sgd�chqdbshnm�ne�sgd�%110(�P�udbsnq-�Sgd�rb]kd�a]qr�hm�%]flb(�qdoqdrdms�50 ml:�%](�]mc�%a(�rg]qd�sgd�r]ld�rb]kd�a]q-
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]mc� rxmsgdrhydc� tmcdq� chÅdqdms� bnmchshnmr� v]r� cdrbqhadc�
adenqd-Z11)14)36[�Gnvdudq)�sgdrd�oqduhntr�vnqjr�chc�mns�l]jd�sgd�
bnmmdbshnm� adsvddm� sgd� oqdrdmbd� ne� sgd� btahb� og]rd� ]mc� sgd�
rhyd,cdodmcdms�chdkdbsqhb�oqnodqshdr�ne�ASN-
Nwxfdm� u]b]mbhdr� ]qd� ]� bnllnm�cdedbs� hm� nwhcd� odqnurjhsd�

rsqtbstqdr)� ]mc� hs� hr� ghfgkx� hlonqs]ms� enq� odqnurjhsd,a]rdc�
sdbgmnknfhdr-� ;ksgntfg� sgd� oqdrdmbd� ne� nwxfdm� u]b]mbhdr� b]m�
]s� rnld� kdudk� bnmsqhatsd� sn� sgd�chrok]bdldms�chrsqhatshnm�rddm�
gdqd)� sgd� oqdrdmbd� ne� cnl]hmr� rddm� hm� ntq� ABCH� ]m]kxrhr�
b]mmns�ad�ctd�sn�sghr�sxod�ne�onhms�cdedbs-�He�sghr�vdqd�sgd�b]rd)�
vd�vntkc�g]ud� cnl]hm� qdfhnmr� qhbg� hm� nwxfdm� u]b]mbhdr)� ]mc�
nsgdqr�onnq�hm�nwxfdm�u]b]mbhdr)�vghbg�hr�udqx�tmkhjdkx-�Q]l]m�
rodbsq]� %Ehftqd  4](� ]krn� bnmsqhatsd� sn� sghr� bnmbktrhnm-� Xg]mf�
]mc� bn,vnqjdqrZ37[� rstchdc� ASN� r]lokdr� oqdo]qdc� tmcdq� che,
edqdms� ]mmd]khmf.dmuhqnmldms]k� bnmchshnmr� ]mc� bnlo]qdc�
sgdl�vhsg�]�oqhrshmd�r]lokd-�Sgdx�qdonqsdc� sgd�]ood]q]mbd�ne�
]� aqn]c� a]mc� hm� sgd� qdfhnm� 200fl250� bl+1� ]mc� ]ssqhatsdc� sg]s�
sn� sgd�nwxfdm�u]b]mbhdr�fdmdq]sdc� hm� sgd�rtqe]bd�ne�nmd�ne� sgd�
gd]s,sqd]sdc�r]lokdr-�Hm�ntq�b]rd)�vd�cn�mns�cdsdbs�sgd�oqdrdmbd�
ne�sghr�a]mc-
ABCH� qdbnmrsqtbshnmr� enq� sgd� ASN� bnlldqbh]k� r]lokd� ]qd�

chrbtrrdc� dkrdvgdqd-Z32[� Sgd� gxcqnsgdql]kkx� rxmsgdrhydc� ASN�
MOr� qdonqsdc�gdqd)�g]ud� ]�ltbg�ghfgdq� kdudk� ne�chrnqcdq-�Sgd�
knb]kkx�sdsq]fnm]k�cnl]hmr�vd�“mc�hm�sgd�knmf,q]mfd�btahb�m]m,
no]qshbkdr�]qd�rn�rl]kk�sg]s�sgd�chÅq]bshnm�o]ssdqmr�nudqk]o�bnl,
okdsdkx�vhsghm�]�rhmfkd�aqn]cdmdc�Aq]ff�od]j-�Sgd�bngdqdms�che,
eq]bshnm�dwodqhldms�b]m�cdbncd�sgd�rsqnmf�hmsdqedqdmbd�adsvddm�
sgd�cnl]hmr�]mc�]kknvr�sgdhq�qdk]shud�knb]shnmr�]mc�og]rdr�sn�ad�
cdsdqlhmdc�tmhptdkx-

3-�Bnmbktrhnmr

Hm� rtll]qx)� ASN� m]mno]qshbkdr� vdqd� oqdo]qdc� ax� gxcqn,
sgdql]k� rxmsgdrhr-�Tghkd� Q]l]m� rodbsqnrbnox� ]mc� OCE� ]m]k,
xrhr� qdud]kdc� sg]s� sgd�bqxrs]kkhmd�rsqtbstqd� hr� knb]kkx� sdsq]fnm]k)�
WQC� ]m]kxrhr� rgnvdc� sgd� oqdrdmbd� ne� lhwstqdr� ne� sdsq]fnm]k�
]mc� btahb� og]rdr)� vhsg�lnqd� btahb� og]rd� ]ood]qhmf� ]s� knvdq�
rxmsgdrhr� sdlodq]stqdr)� hm� ]fqddldms� vhsg� oqduhntr� qdonqsr-�
Qhdsudkc� qd“mdldms�]mc� sgd�TflG�]m]kxrhr� rgnv� sgd�oqdrdmbd�
ne�]�rhfmh“b]ms�lhbqnrsq]hm)�]r�vdkk�]r�]mnl]kntrkx�rl]kk�o]q,
shbkd rhydr� hm�sgd�lds]rs]akd�btahb�og]rd-�ABCH�v]r�sgdm�trdc�
sn� hl]fd� sgd� rxmsgdrhydc� m]mno]qshbkdr-� ABCH� qdrtksr� rgnv� ]�
rhfmh“b]ms�oqdrdmbd�ne�≈50 ml�rta,cnl]hmr�vhsghm� sgd�m]mn,
o]qshbkdr�vhsg� rhfmh“b]ms� u]qh]shnmr� ne� sgd� hl]fd� og]rd)� hmsdq,
oqdsdc� ]r� k]sshbd� chrok]bdldmsr-� Td� q]shnm]khyd� sgdrd� qdrtksr�
vhsg�]�lncdk�bnms]hmhmf�ldqngdcq]k� svhm�cnl]hmr�vhsghm� sgd�
m]mnbqxrs]kr)�vghbg�chÅdqr�eqnl�oqduhntrkx�bnmrhcdqdc�dwok]m],
shnmr� ne� sgd� rs]ahkhy]shnm�ne� sgd� btahb�og]rd� ]s� qnnl� sdlodq],
stqd)� dudm� sgntfg� hs� hr� mns� sgdqlncxm]lhb]kkx� e]unqdc-� Sgd�
bnmbktrhnm� hr� sg]s� sgd� rsqtbstqd� hr� knb]kkx� sdsq]fnm]k)�l]cd�to�
ne�svhm�cnl]hmr�vhsg�sgd�b,]whr�onhmshmf�hm�chÅdqdms�chqdbshnmr:�
sgd� ]udq]fd� rsqtbstqd� sdmcr� sn� ad� btahb-� Ehm]kkx)�vd� oqnonrd� ]�
lncdk�vgdqd� sgd� cnl]hm� rhydr b]m� ]citrs� ax� e]bhkd�lhfq]shnm�
ne�svhm�cnl]hm�v]kkr�sn�dmk]qfd�sgnrd�cnl]hmr�nqhdmsdc�hm�sgd�
chqdbshnm� ne� ]m� dkdbsqhb� “dkc)� kd]chmf� sn� ]m� dmg]mbdc� chdkdb,
sqhb� qdronmrd-�Ntq�vnqj�md]skx� dwok]hmr�vgx� sgd�oqduhntr�o]q,
]kkdk� nardqu]shnmr� ne� btahb� rsqtbstqd� ]mc� chdkdbsqhb� ]mnl]khdr�
enq� m]mn,rhydc� ASN� ]ood]q� sn� bnhmbhcd-� Hs� cdlnmrsq]sdr� sgd��

hlonqs]mbd� ne� bnlokdldms]qx� rsqtbstq]k� bg]q]bsdqhy]shnm� sn�
dwok]hm� sgd� bnlldqbh]kkx� hlonqs]ms�nardqu]shnm� sg]s�≈100 ml�
rhydc�bqxrs]kr g]ud�]�rhfmh“b]mskx�ghfgdq�chdkdbsqhb�bnmrs]ms-Z38[

4-�DwodphldmsXk�Rdbshnm
AXphtl� ShsXmXsd� BpwrsXkr� Rwmsgdrhr� Xs� 180  °B/� Sgd� rxmsgdrhr� oqnsnbnk�

]cnosdc� hm� sghr�vnqj�v]r�a]rdc�nm� qde-� Z39[-� Hm�aqhde)�0-133�lK�ne�ShBk4�
v]r� ]ccdc� cqnovhrd� hmsn� ]� rnktshnm� bnms]hmhmf� 12-5� lK� ne� cdhnmhydc�
v]sdq�]mc�1 f�ne�chmdqdms�]kbngnkr�%dsg]mnk)�oqnoxkdmd�fkxbnk)�ats]mdchnk(�
v]r� ]ccdc� hm� ]�50 lK� svn,mdbj� qntmc,anssnl�fi]rj-�@r� sgd�gxcqnkxrhr�
]mc�bnmcdmr]shnm�qd]bshnm�ne� sgd�Sh�oqdbtqrnq� hr�dwsqdldkx�dwnsgdqlhb)�
sgd�oqnbdctqd�v]r�cnmd� hm�]m� hbd�a]sg�bnms]hmdq-�@esdq�20 lhm�rshqqhmf)�
15 lK� ne� ]� 3  ffi� KhNG� rnktshnm� v]r� ]ccdc� hm� sgd� b]rd� ne� sgd� r]lokd�
oqdo]qdc�vhsg�dsg]mnk)�]mc�]�rnktshnm�bnms]hmhmf�10 f�ne�JNG�hm�15 lK�
ne� cdhnmhydc� v]sdq� v]r� ]ccdc� hm� sgd� b]rd� ne� sgd� oqnoxkdmd� fkxbnk.
ats]mdchnk�r]lokdr-�@esdq�5 lhm�rshqqhmf)�5 lK�ne�]�0-2815 ffi�A]Bk2-2G2N�
rnktshnm�v]r�]ccdc)�enkknvdc�ax�5 lhm�ne�rshqqhmf-�Sgd�qdrtkshmf�rnktshnm�
v]r� sq]mredqqdc� sn� ]� 100 lK�Sdfinm,khmdc� rs]hmkdrr,rsddk� ]tsnbk]ud)� sg]s�
v]r�l]hms]hmdc�enq�48 g�]s�180 °B-�Sgd�qdrtkshmf�onvcdq�v]r�bdmsqhetfdc�
]mc�v]rgdc�rdudq]k� shldr�vhsg�cdhnmhydc�v]sdq�]mc�dsg]mnk�]mc� kdes� sn�
cqx nudqmhfgs ]s 70 °B- Ehm]kkx) sgd r]lokd zmn ]kbngnk– v]r rxmsgdrhydc
vhsg�mn�]kbngnk�rntqbd�hm�sgd�rxmsgdrhr�qntsd-�Sgd�A].Sh�lnk]q�q]shn�v]r�
1-16�enq�sghr�rds�ne�r]lokdr-�Sgd�r]lokdr�vdqd�m]ldc�vhsg�sgd�qdrodbshud�
]kbngnk� trdc� hm� sgd� rxmsgdrhr� oqnbdctqd)� nq�vhsg� zmn� ]kbngnk–�vgdm� hs�
v]r� mns� trdc-� Sgd� r]lokd�l]cd�vhsg� oqnoxkdmd� fkxbnk� v]r� m]ldc� ]r�
ASN,OF-

AXphtl� ShsXmXsd� BpwrsXkr� Rwmsgdrhr� Xs� 240  °B/� Hm� ]m� ]ssdlos� sn�
rxmsgdrhyd� ASN� hm� sgd� sdsq]fnm]k� og]rd)� sgd� l]inq� ]citrsldms�
cnmd� v]r� sgd� ghfgdq� sdlodq]stqd� %240  °B(-� Enkknvhmf� sgd� oqnsnbnk�
oqnonrdc�ax�Gt]qth�ds�]k-)Z21[�sgd�A].Sh�lnk]q�q]shn�v]r�]krn�hmbqd]rdc�
sn�1-6-�Hm�]�sxohb]k�rxmsgdrhr)�1-37 lK�ne�ShBk4�v]r�]ccdc�hmsn�20 lK�ne�
cdhnmhydc�v]sdq�bnms]hmdc�hm�]�50 lK�2�mdbj�qntmc�anssnl�fi]rj-�Sgd�
fi]rj�v]r�l]hms]hmdc� hm� ]� bnnkdc� hbd� a]sg� qdbhohdms)� ]mc� sgd� rxrsdl�
v]r� kdes�tmcdq�rshqqhmf�enq�20 lhm-�Sgdm)�20 lK�ne�]�1 ffi�A]Bk2-2G2N�
rnktshnm�v]r�]ccdc)� enkknvdc�ax�20 lhm�ne�rshqqhmf-�Sgdm)�]�rnktshnm�
bnms]hmhmf�4 f�ne�M]NG�hm�10 lK�ne�cdhnmhydc�v]sdq�v]r�]ccdc�]mc�
sgd�rxrsdl�v]r�kdes�tmcdq�rshqqhmf�enq�5 lhm-�Sghr�r]lokd�v]r�m]ldc�
240 °B-

ASN� BnlldpbhXk� RXlokd/� @� bnlldqbh]k� ASN� r]lokd� %200  ml�
mnlhm]k� o]qshbkd� rhyd(� v]r� otqbg]rdc� eqnl� R]ms]� Bqty� Ahnsdbgmnknfx-�
Sgd� B@R� %Bgdlhb]k� @arsq]bsr� Rdquhbd(� qdfhrsqx� mtladq� enq� sgd�
bnlldqbh]k�r]lokd�hr�12047,27,7-

RbXmmhmf�Dkdbspnm�Lhbpnrbnow/�Sgd�RDL�hl]fhmf�v]r�odqenqldc�trhmf�
]�Ghs]bgh�4800�lhbqnrbnod�nodq]shmf� hm�]m�]bbdkdq]shmf�unks]fd�ne�5 jU�
]s� Bdmsdq� ne� Etmbshnm]k� M]mnl]sdqh]kr� %BEM(� ]s� Aqnnjg]udm� M]shnm]k�
K]anq]snqx� %AMK(-�Sgd�r]lokd�v]r�oqdo]qdc�ax�cqno,b]rshmf�≈10 µf�ne�
sgd�ASN�onvcdqr�chrodqrdc�hm�dsg]mnk�nm�Rh�v]edq)�vghbg�v]r�kdes�sn�cqx�
]s�QS�oqhnq�sn�]m]kxrhr-

Rwmbgpnspnm�W,QXw�Ch9pXbshnm/�Sgd�bqxrs]kkhmd�rsqtbstqd�ne�sgd�r]lokdr�
v]r�hmudrshf]sdc�ax�rxmbgqnsqnm�WQC�hm�svn�chmdqdms�ad]lkhmdr/�11,AL�
]s� @cu]mbdc� Ognsnm� Rntqbd� %@OR(� trhmf� ]� v]udkdmfsg� ne� 0-457895� ©�
]mc�]s�7,AL�ad]lkhmd�]s�M]shnm]k�Rxmbgqnsqnm�Khfgs�Rntqbd�HH�%MRKR,HH(�
hm� svn� chmdqdms� dwodqhldmsr)� trhmf� ]� rntqbd� v]udkdmfsg� ne� 0-62166� ©�
hm nmd ne sgdl) ]mc 0-49594 © hm sgd nsgdq- @kk sgd rxmbgqnsqnm WQC
dwodqhldmsr� vdqd� cnmd� hm� ]� CdaxdflRbgdqqdq� fdnldsqx� %sq]mrlhrrhnm(-�
Bqxrs]kkhmd�og]rdr�vdqd� hcdmsh“dc)�]mc� sgd�rsqtbstqd�v]r� qd“mdc�ax� sgd�
Qhdsudkc�ldsgnc�trhmf�sgd�rnesv]qd�SNO@R-�Sgd�VflG�oknsr�vdqd�cnmd�
trhmf�sgd�Knqdmsyh]m�Etmbshnm�enq�sgd�bnlldqbh]k�r]lokd)�]mc�Ordtcnfl
Unhfs� Etmbshnm� enq� sgd� nsgdq� r]lokdr� sn� “s� sgd� Aq]ff� od]jr-� Eqnl� sgd�
“sr)� sgd� 2θ� onrhshnm)� sgd� EVGL)� ��)� ]mc� sgd� dqqnq� vdqd� dwsq]bsdc)� enq�
oqdo]qhmf�sgd�rtardptdms����bnr%θ(�udqrtr�4�rhm%θ(�okns-�Sgd�oknsr�vdqd�
sgdm�khmd]qkx�“ssdc)�]mc�sgd�udqshb]k�dqqnq�a]qr�vdqd�hmbktcdc�hm�sgd�oknsr-�
Enq�sgd�dsg]mnk�r]lokd)�vghbg�g]c�]�k]qfd�]lntms�ne�a]qhtl�b]qanm]sd)�
vgdm�hsr�od]j�onrhshnmr�vdqd�bnhmbhcdms�vhsg�sgd�ASN)�sgd�od]j�v]r�mns�
trdc�hm�sgd�VflG�okns-
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QXlXm� Rodbspnrbnow/� Q]l]m� rodbsqnrbnox�v]r� cnmd� tmcdq� ]lahdms�
oqdrrtqd)� vhsg� ]� k]rdq� v]udkdmfsg� ne� 532  ml� hm� ]� a]bjrb]ssdqhmf�
fdnldsqx-� Sgd� Q]l]m� rodbsqnldsdq� bnmrhrsdc� ne� ]� Sgdqln� Rbhdmsh“b�
CWQ�Q]l]m�Lhbqnrbnod)�trhmf�]�20°�naidbshud�kdmr�vhsg�10 lV�onvdq�
rdsshmf-� Sgd� rs]ahkhsx� ne� sgd� r]lokd�v]r� sdrsdc� tmcdq� sghr� k]rdq� onvdq)�
]esdq�sdrsr�vdqd�cnmd�nm�]�q]mfd�ne�k]rdq�onvdqr�%3�sn�10 lV()�]mc�sgd�
r]lokd�v]r�entmc�sn�ad�rs]akd-

Entphdp� SpXmrenpl� HmepXpdc� Rodbspnrbnow/� ESHQ� v]r� odqenqldc� hm� ]�
OdqjhmDkldq�hmrsqtldms�Rodbsqtl�100�ESHQ�Rodbsqnldsdq�]s�QS�hm�sgd�
v]udmtladq� q]mfd� 650fl4000� bl+1-� Sgd� onvcdq� v]r� bnloqdrrdc� hm�
sgd� dptholdms� ]mc�ld]rtqdc� hm� sgd� ]ssdmt]sdc� sns]k� qdfidbshnm� %@SQ(�
lncd-

Rwmbgpnspnm� W,QXw� .snlhb� OXhp� Chrsphatshnm� Etmbshnm�  OCE(�
LdXrtpdldmsr/� Qnnl� sdlodq]stqd� W,q]x� sns]k� rb]ssdqhmf� c]s]� vdqd�
bnkkdbsdc� ]s� 28,HC,1� ad]lkhmd� ne� sgd� MRKR� HH� ]s� Aqnnjg]udm� M]shnm]k�
K]anq]snqx-� Onvcdq� r]lokdr� ne� A]ShN3� vdqd� rd]kdc� hm� 1  ll� %ntsdq�
ch]ldsdq(� onkxhlhcd� b]ohkk]qx-� Ld]rtqdldmsr� vdqd� b]qqhdc� nts� hm�
sq]mrlhrrhnm�fdnldsqx�trhmf�]�2C�OdqjhmDkldq�]lnqogntr�rhkhbnm�]qd]�
cdsdbsnq� %2048�°�2048�ohwdkr�vhsg�200�µl2�ohwdk�rhyd(�ok]bdc�≈204 ll�
cnvmrsqd]l�ne� sgd� r]lokd-� Sgd� rdsto�tshkhydc� ]�lnmnbgqnl]shb� W,q]x�
ad]l�vhsg�74-5 jdU�dmdqfx�%λ =�0-1665�©(-�Sgd�W,q]x�chmq]bshnm�c]s]�vdqd�
bnmudqsdc�sn�OCEr�trhmf�oxE@H�]mc�OCEfdsW3�rnesv]qd-

OCE� CXsX� Opnbdrrhmf� Xmc� .mXkwrhr/� B]khaq]shnmr� ne� sgd� dwodqhldms]k�
fdnldsqx)�lnldmstl�sq]mredq�%P(�q]mfd)�]mc�cdsdbsnq�nqhdms]shnm�vdqd�
b]qqhdc�nts�ax�tshkhyhmf�mhbjdk�rs]mc]qc�ld]rtqdldmsr�odqenqldc�tmcdq�
sgd� r]ld� bnmchshnmr-� @ooqnoqh]sd�l]rjhmf� ne� sgd� ad]l,rsno� rg]cnv)
hm]bshud�]mc�ntskhdq�ohwdkr)�]mc�rtardptdms�]yhltsg]k�hmsdfq]shnm�ne�sgd�
2C�hl]fdr�sn�nas]hm�1C�chmq]bshnm�o]ssdqmr�ne� hmsdmrhsx�udqrtr�P�c]s]�
vdqd�cnmd�trhmf�oxE@H�rnesv]qd�o]bj]fd-Z40)41[�Rs]mc]qchydc�bnqqdbshnmr�
sn� sgd� c]s]� enq� dwodqhldms]k� dmdbsr� sn� nas]hm� sgd� qdctbdc� sns]k�
rb]ssdqhmf� rsqtbstqd� etmbshnm)� E%P()� ]mc� sgd� rtardptdms� rhmd� Entqhdq�
sq]mrenqlr�sn�nas]hm�dwodqhldms]k�OCEr)�F%p()�vhsg�Pl]w =�25�©+1�vdqd�
b]qqhdc�nts�trhmf�sgd�OCEfdsW3�oqnfq]l�vhsghm�sgd�wOCErthsd�rnesv]qd�
o]bj]fd-Z42[� Sgd� OCE� ]m]kxrhr� v]r� b]qqhdc� nts� trhmf� sgd� OCEfthZ43[�
lncdkhmf�ok]senql-

ApXff�Bngdpdms�Ch9pXbshnm�HlXfhmf/ ABCH�v]r�odqenqldc�]s�sgd�34,HC,B�
ad]lkhmd�]s�@OR�hm�o]q]kkdk�dwodqhldmsr)�cnmd�]s�QS-�Sgd�bngdqdms�W,q]x�
ad]l�v]r�oqnctbdc�ax�]m�tmctk]snq�nm�sghr�3qc�fdmdq]shnm�rxmbgqnsqnm-�
Sgd�bngdqdms�fitw�]s�sghr�ad]lkhmd�hr�109�ognsnmr�odq�r-�@�cntakd�bqxrs]k�
lnmnbgqnl]snq� rdkdbsdc� sgd� dmdqfx� sn�9� nq� 10  jdU)� cdodmchmf� nm� sgd�
dwodqhldms)� ]mc� Jhqjo]sqhbjflA]dy� %JA(� lhqqnqr� vdqd� trdc� sn� enbtr�
sgd�ad]l� sn�600�°�600�ml2� rhyd-�@�Ldchohw�cdsdbsnq� %512�°�512�ohwdkr�
55� °� 55�µl2(� v]r� ok]bdc� nm� sgd� %110(� qdfidbshnm� ne� ASN)� ]mc� sgd� 2C
bngdqdms� chmq]bshnm� o]ssdqmr� vdqd� qdbnqcdc� hm� qnbjhmf� btqud� rb]mr�
ax� qns]shmf� sgd� Aq]ff� ]mfkd� trhmf� rl]kk� ]mfkd� hmsdqu]kr-� Sgd� Aq]ff�
]mfkd�v]r� qns]sdc�).+�0-4°� bnkkdbshmf�80� onhmsr)� nq�).+�0-8°� bnkkdbshmf��
160�onhmsr)�cdodmchmf�nm�sgd�r]lokd-�Sgd�dwonrtqd�shld�u]qhdc�adsvddm�
4fl8� r� cdodmchmf� nm� sgd� r]lokd-� Sgd� cdsdbsnq� v]r� ok]bdc� 0-5fl1� l�
eqnl� sgd� r]lokd)� cdodmchmf� nm� sgd� dwodqhldms-� Enq� k]qfdq� r]lokd� sn
cdsdbsnq� chrs]mbdr)� sgd� nudqr]lokhmf� q]shn� hr� k]qfdq:� gnvdudq)� hs� ltrs
ad�bnmrhcdqdc�sg]s� hmbqd]rhmf�sgd�chrs]mbd�]krn�kd]cr�sn�]� knvdq�rhfm]k,
sn,mnhrd q]shn)� vghbg� ]mdbsr� sgd� qdbnmrsqtbshnm� oqnbdrr-� Sgd� r]lokdr�
vdqd� oqdo]qdc� ax� cqno,b]rshmf� sgd� onvcdq� chrodqrdc� hm� dsg]mnk� nm� Rh
v]edq� rtarsq]sdr:� sgdm)� sgd� sno� o]qs� ne� sgd� r]lokdr� v]r� bnudqdc� vhsg�
]� sdsq]dsgxk� nqsgnrhkhb]sd� %SDNR(� rnktshnm� oqdo]qdc� hm� dsg]mnk:� sgd�
Rh�v]edq�v]r� sgdm�ok]bdc� hm�]� statk]q� etqm]bd�]s�300 °B� enq�3 g� enq� sgd�
SDNR�bnmcdmr]shnm�qd]bshnm�]mc�rtardptdms�enql]shnm�ne�]m�RhN2�qhfhc�
mdsvnqj-�Sghr�hr�]�bnllnm�oqnbdctqd�vgdm�odqenqlhmf�ABCH�sn�“w�sgd�
m]mnbqxrs]kr�nm�sgd�rtarsq]sd�hm�nqcdq�sn�]unhc�m]mno]qshbkd�lnudldms�
b]trdc�ax�sgd�ad]l�hmsdq]bshnm-Z44[

Qdbnmrsptbshnm� ne� sgd� MXmnbpwrsXkr/� @� sns]k� ne� 620� hsdq]shnmr� vdqd�
trdc� ]ksdqm]shmf� dqqnq� qdctbshnm� %DQ(� ]mc�gxaqhc,hmots,ntsots� %GHN(�
]kfnqhsglr-Z45[� Sgd� og]rd� qdsqhdu]k� bncd� v]r� hmhsh]sdc� vhsg� 20� DQ�
hsdq]shnmr)� enkknvdc� ax� 180� hsdq]shnmr� ne� sgd� GHN� ]kfnqhsgl)� rs]qshmf�
eqnl� q]mcnl� og]rdr-� Sgd� 3C� qdbnmrsqtbshnmr� vdqd� oknssdc� ]r� ]m�
hrnrtqe]bd�ne� sgd� hl]fd�]lokhstcd)�]mc�]krn�2C�bqnrr,rdbshnmr�trhmf�
sgd�rnesv]qd�O]q]uhdv-Z46[�Sgd�hl]fdr�vdqd�bnknqdc�vhsg�sgd�qdbnudqdc�
og]rd�nqhfhm]sdc�eqnl�sgd�l]sgdl]shb]k�qdbnmrsqtbshnm-�Sgd�ohwdk�rhyd�

ne�sgd�og]rd�qdsqhdu]k�qdbnmrsqtbshnmr�u]qhdc�hm�sgd�q]mfd�4-11fl8-22 ml�
enq� sgd� m]mno]qshbkdr� rgnvm� hm� sghr� o]odq-� Sgd� “m]k� qdrnktshnm�
]bghdudc�enq�sgd�qdbnmrsqtbshnm�v]r�cdsdqlhmdc�ax� khmd�oqn“kdr�sn�ad�
30 ml-

Sgd�VhkkhXlrnmzGXkk�.oopnXbg/� Hmgnlnfdmdntr�rsq]hm� hr�vdkk�jmnvm�
sn� b]trd� rxrsdl]shb� aqn]cdmhmf� ne� onvcdq� chmq]bshnm� od]jr-� Enq�
dw]lokd)� he�sgd�bqxrs]kkhmd�rsqtbstqd�v]r�ansg�bnmsq]bsdc�]mc�dwo]mcdc)�
sgd� Aq]ff� od]jr� vntkc� adbnld� aqn]cdmdc� snv]qc� ansg� rhcdr-� Sgd�
rdbnmc�bnllnm�rntqbd�ne�aqn]cdmhmf�v]r�sgd�“mhsd�rhyd�dmdbs/�rl]kkdq�
bqxrs]kr� f]ud� aqn]cdq� od]jr-� Nmd� bntkc� b]kbtk]sd� sgd� bqxrs]kkhsd� rhyd�
trhmf� sgd� vdkk,jmnvm� Rbgdqqdq� enqltk])Z47[� s]jhmf� hmsn� ]bbntms� sgd� etkk�
vhcsg� ]s� g]ke� l]whltl� %EVGL(� ne� sgd� Aq]ff� od]jr-� Vgdm� sgd� ansg�
rntqbdr�ne�aqn]cmdrr�vdqd�bnlahmdc)�nmd�bntkc�rdo]q]sd� sgd�rhyd�]mc�
sgd�hmgnlnfdmdntr�rsq]hm�bnmsqhatshnmr�hm�]�rsq]hfgsenqv]qc�v]x�trhmf�
sgd�VflG�]ooqn]bg)Z30[�ax�dwoqdrrhmf� sgd�od]j�vhcsg�]r� sgd�rtl�ne� svn�
sdqlr/
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β ε µ λ
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vgdqd� �sns� hr� sgd� sns]k� aqn]cmdrr� bnlhmf� eqnl� ansg� hmgnlnfdmdntr�
rsq]hm� ]mc� sgd� bqxrs]kkhsd� rhyd)� B�]mc� J� ]qd� bnmrs]msr)� ε� hr� sgd�
hmgnlnfdmdntr� rsq]hm)� θ� hr� sgd� Aq]ff� ]mfkd)� λ� hr� sgd� v]udkdmfsg� ne�
sgd� q]ch]shnm)� ]mc� K� hr� sgd� o]qshbkd� rhyd-� He� ansg� rhcdr� ne� sgd� dpt]shnm�
vdqd� ltkshokhdc� ax� bnrθ� ]� khmd]q� dpt]shnm� v]r� nas]hmdc)� vghbg� v]r�
sgd�VflG�okns-�Eqnl� sgd�okns�ne��sns�bnrθ� udqrtr�rhmθ�nmd�bntkc�nas]hm��
sgd� hmgnlnfdmdntr� rsq]hm� bnlonmdms� eqnl� sgd� rknod)� Bε)� ]mc� sgd�
bqxrs]kkhsd�rhyd�eqnl�sgd�hmsdqbdos)�C

K
λ -

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

:bjmnvkdcfdldmsr
Nmd� ne� sgd� WQC� ld]rtqdldmsr� %ad]lkhmd� 11,AL(� ]mc� sgd� ACBH�
dwodqhldms�%ad]lkhmd�34,HC,B(�v]r�b]qqhdc�nts�]s�sgd�@cu]mbdc�Ognsnm�
Rntqbd)�]�T-R-�CND�Nžbd ne�Rbhdmbd�Trdq�E]bhkhsx�nodq]sdc�enq�sgd�CND�
Nžbd� ne� Rbhdmbd� ax� @qfnmmd�M]shnm]k� K]anq]snqx� tmcdq� Bnmsq]bs�Mn-�
CD,@B02,06BG11357-� @cchshnm]k� WQC�ld]rtqdldmsr� snnj� ok]bd� ]s� sgd�
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