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Ap#pda#^acejjejc-#I#atlnaoo#iu#qppan#oq^ieooekj#]j`#sknodel#pk#4VVKR-#Tda#Mecdpu#Cna]pkn-#Tda#

Ahh.Man_ebqh-#Tda#Ijolenan#kb#F]epd-#Tda#Ckilahhan-#Tda#Baopksan#kb#Hkjkno-#Tda#Geran#kb#Ahh-#Tda#

Kjksan#kb#Ahh-#Tda#Ha]nan#kb#Ahh-#sdk#_na]pa`#i]j#]j`#ajhecdpaja`#dei#sepd#gjksha`ca#pk# pdejg-#

^aheara-#sknodel#]j`#_na]pa#

# I# atlnaoo# iu# oej_ana# cn]pepq`a# pk# BK]SYXKV! =X\]S]^]O! PY[! AK]O[SKV\! FMSOXMO! )Toqgq^]*"# bkn#

lnkre`ejc#pda#namqena #̀bqj`o#]j #̀naokqn_ao#pk#oqllknp#iu#skng#]j`#herejc#ej#J]l]j#

Sa_kj`hu-#I#i]`a#pdeo#l]ca#pk#nabha_p#okia#kb#lna_ekqo#nah]pekjodelo#sepd#pda#]ilha#kb#cajankqo#

]j`#ejolenejc#lanokjjah-#l]npe_qh]nhu-#iu#lnkbaookno#]j`#_khha]cqao=#I#d]ra#iap#oej_a#pda#^acejjejc#

kb#iu#cn]`q]pa#opq`u#ej#J]l]j/#

Tk# D[YP'# 7['! 4USbY\RS! GKXSQ^MRS# )2>9=>H! F?! ->CC! 39J>HB9C! 0EJ>H9<JBFE! @HFKG"! 3+4+! '#

5HF?>IIFH! BE! 89I>=9! 7EBL>HIBJN*-# I# seod# pk# atlnaoo# iu# `aalaop# cn]pepq`a# bkn# deo# o_eajpebe_#

oqlanreoekj-# qoabqh# `eo_qooekjo-# lne_ahaoo# oqllknp-# lna_ekqo# dahl-# aj_kqn]caiajp-# ]j`#

qj`anop]j`ejco/#Ha#eo#iu#iajpkn#]j`#iu#oqlanreokn#kj#pda#lnkbaooekj]h#harah#sdeha#kj#pda#lanokj]h#

harah-#da#odksa`#ia-#^u#at]ilhao#dks#pk#^a#]#ckk`#o_eajpeop#]j`#dks#pk#qj`anop]j`#ukqn#opq`ajpoz#

lkpajpe]ho#]j`#bh]so/#

Tk!D[YP'#7['!GYbYRS[Y!6RSUbY`#)3+4+!5HBE<BGC>!0EL>IJB@9JFH!9E=!A>9=!F?!89I>=9#4036!1FBEJ!

@H9=K9J>!GHF@H9D*# I#seod# pk# atlnaoo# iu# opnkjc# cn]pabqhjaoo-#Ha# oqllknpa`#ia#sdaj# jk^k`u#s]o#

pdana# bkn#ia-#da#aj_kqn]ca`#ia#pk#op]np#]c]ej=#da#]__alpa`#pk#^a#]#nabanaa#bkn#pdeo#pdaoeo/#Nk#skn`o#

_]j#atlnaoo#oq_d#oajoa#kb#cn]pepq`a#pk#dei-#Eranupdejc#I#`e`#kn#I#sehh#`k#eo#oeilhu#^a_]qoa#kb#dei/# #

Tk# D[YP'! 7['! FR^SMRS! FRYTS-# D[YP'! 7[# GKUK\RS! GKXSS# )89I>=9! 7EBL>HIBJN*-# '# D[YP'! 7['! >^X!

BKUKXS\RS!)3+4+"!4036*#bkn#pdaen#lne_ahaoo#peia#]j`#lna_ekqo#abbknp#]o#nabanaao#bkn#pdeo#pdaoeo#

I#seod#pk#atlnaoo#iu#cn]pepq`a#bkn#7['#BKLK]KWK!GY\RSRSNK-#4USRSUY!CRS#)3+4+!/FKE=HN*#bkn#

pdaen# dahl# ej# pda# b]^ne_]pekj# kb# TeO3# j]jkl]ppanj# oq^opn]pao/# Tk# 7['! <SNOY! =`KS# )4036*# bkn# deo#

]ooeop]j_a#ej#pda#Tkb.oeio#]j #̀XPS#]j]huoao/#

Tdaj-#I#s]jp#pk#pd]jg#]hh#iu#_qnnajp#]j`#lnarekqo#h]^i]pao=#7['!GO\^TS!FK\KUS-!7['!FRSWSc^-#7['!

DOXQ!6ROX-!7['!FRK[Wb!AKXY-#FK[K!EYWKXKccY-#?K[SW!4VS-#ESRY!GKXQO-#bkn#^aejc#pdana#bkn#ia#

]j`# dahlejc# ia# pk# ck# oikkpdhu# `qnejc# oq_d# skng/# # Eola_e]hhu# A[\'! GKU^WS! =`KXY-# ]j`# 7['!

BQ^bOX!<^bOX#I#na]hhu#_daneod#pdaen#_kil]jeao#sepd#ok#iq_d#bqj-#dahl#]j`#oqllknp/# # #

L]op#^qp#jkp#ha]op-# I#seod#pk#atlnaoo#iu#`aalaop# hkra<#Tk#iu#dqo^]j`#JO\\KW!AYRKWON-# bkn#

^aejc#oq_d#]#hkrejc#dqo^]j`-#qj`anop]j`ejc#iu#o_da`qha-#`eo_qooejc#iu#skng#lnk^haio-#p]gejc#_]na#

kb#iu#^]^u#`qnejc#d]n #̀peiao/#Tk#iu#^]^u#{4VRK\KX|#bkn#deo#oieha#]j`#hkra#sde_d#a]oehu#_d]jca`#

iu#ikk`# ]j`# c]ra#ia# dkla# pk# kran_kia#]ju# k^op]_ha# I#iap# `qnejc# oq_d#skng/#Tk#iu# b]iehu# ej#

Eculp#aola_e]hhu#iu#ikpdan#7['!5K]KK!4VS#bkn#dan#lna_ekqo#hkra#]j`#_kjpejqkqo#aj_kqn]caiajp/#Tk#

iu#bneaj`o#dana#ej#J]l]j-#aola_e]hhu#<KXKX!FOLOS#]j`#?RKY^VK!C^O\VK]S#bkn#pdaen#lne_ahaoo#oqllknp#
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@S\]!YP!KLL[O_SK]SYX\!

A^^nare]pekj# Fqhh#paniejkhkcu#

ECM# Etpn]_ahhqh]n#M]pnet#

RGD# Ancejeja.Ghu_eja.Aol]npe_#

EBL# Eha_pnkj#^a]i#hepdkcn]ldu#

ALD# Apkie_#h]uan#`alkoepekj#

TOF.SIMS# Teia#kb#bhecdp#oa_kj`]nu#ekj#i]oo#ola_pnko_klu#

XPS# X~n]u#ldkpkaha_pnkj#ola_pnko_klu# #

!

!

@S\]!YP!GKLVO\

T]^ha# P]ca#

T]^ha#2.2<# # Tda#_d]n]_paneope_o#]j`#oaran]h#iapdk`khkceao#bkn#ieie_gejc#dal]pe_#

ie_nkajrenkjiajpo#]j`#r]nekqo#ECM#_qaoxxxxxxxxxxxxxxxx#

#

8#

T]^ha# 3.2<# V]nekqo# 4D# becqnao# bnki# AFM# ]j]huoeo# kb# b]^ne_]pa`# `eiajoekjo# ]j`#

od]lao#kb#j]jkopnq_pqnao#)t*?#231-#;1#ji-#)Y*?#261-#271-#331-#431#jixxxxx/#

#

3;#

T]^ha#4.2<#V]nekqo#oq^opn]pao#qoa`#sepd#oejcha#kn#iqhpelha#_qao#pk#`apa_p#pdaen#nkha#ej#

]hpan]pekj#kb#_ahhqh]n#^ad]rekno////xxxxxxxxxxxxxxxxxxxx#

#
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Leran#_ahho#bqj_pekj]hepeao-#naolkjoao-#]llhe_]pekjo#]j`#na_ajp#_d]hhajcao/#

!

*'!GRO![YVO!YP!VS_O[!MOVV\!SX!]RO!LYNb!KXN!Y^]\SNO!S]!

Tda#heran#eo#_kjoe`ana`#]o#pda# h]ncaop#ejpanj]h#knc]jo#kb#^k`u-#ep#eo#i]ejhu#_kilkoa`#kb#

l]naj_dui]# _ahho# ydal]pk_upaoz# pdaj# ]# haooan# jqi^an# kb# opahh]n# )b]p# opknejc# _ahho*-# gqlbban#

)ola_ebe_#heran#i]_nkld]ca*-#oejqoke`]h#aj`kpdahe]h#_ahho#)Fecqna#2.2*-#epo#aooajpe]hepu#eo#^]oa`#

qlkj#pda#iap]^khe_-#oa_napknu#]j`#`apktebuejc#bqj_pekjo#sde_d#lanbknia`#^u#pda#dal]pk_upao/#

Lele`#iap]^kheoio-#anupdnklkeoao-#]j`#lnkpaej#oujpdaoeo#]na#]hok#lanbknia`#^u#heran#_ahho#[2\/#

Ip#lh]uo#pda#gau#nkha#ej#pda#iap]^kheoi#kb#aj`kcajkqo#]j`#atkcajkqo#ajpepeao#]j`#ikha_qhao#

]o# `nqco-# _daie_]ho-# ]j`# pktejo/# Ba_]qoa# kb# pdeo# oa_napknu-# iap]^khe_# ]j`# `apktebuejc#

bqj_pekj]hepeao-#dal]pe_#_ahho#]na#eilknp]jp#bkn#`nqc#`arahkliajp#lnkcn]io/# #

#

9SQ^[O!*&*<#Hal]pk_upao#]nn]jcaiajpo#ejoe`a#pda#heran#

Ij#ld]ni]_aqpe_]h# ej`qopneao-#dal]pe_#_ahho#]j`#pdaen#_qhpqna#ouopaio# BE#LBJHF#]na#se`ahu#

qoa`#bkn#pda#]j]huoeo#kb#jkrah#`nqco#)Fecqna#2.3*/#Tda#lna`e_pekj#kb#oe`a#abba_po#]j`#dal]pe_#

^ek_daie_]h# ]hpan]pekjo#]na#_kjop]jphu# ejraopec]pa`# aola_e]hhu# ]bpan# pda#atlkoqna#kb# pda# heran#

_ahho# pk# bknaecj# ikha_qhao/# Fqnpdanikna-# pda# `apaniej]pekj# kb# iap]^khe_# naolkjoao# ]j`#

bqnpdan# iap]^khepao# eo# kja# kb# eilknp]jp# ]ola_po# bkn# `nqc# `eo_kranu# lnkcn]io# kqp_kiao# pk#

ar]hq]pa#epo#_upkpkte_epu-#oej_a-#okia#`nqco#d]ra#heppha#_upkpkte_epu-#dksaran-#ej#pda#heran#pdau#

qj`anck#bqnpdan#iap]^kheoi#ejpk#ikna#pkte_#ikha_qhao#[3\/#Ckjoamqajphu#pda#atlnaooekjo#kb#

i]teieva`# bqj_pekj]h#lnkpaejo# ]j`# ajvuiao# bnki# pda# heran# _ahho# ]na# pda#gau# b]_pkno# bkn# pda#
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r]he`epu# kb# `nqc# paopejc# ]j`# ]j]huoao/#Oj# pda# _kjpn]nu-# _qhpqnejc#kb# dal]pe_# _ahho# BE#LBJHF# eo#

]ook_e]pa`#sepd# ]# na`q_pekj# ej# pda#dal]pk_ahhqh]n# bqj_pekj]hepeao# ]j`# `a_na]oa`# oa_napekj# kb#

heran# ola_ebe_# lnkpaejo# _kil]na`# pk# _ahho# ej# pdaen# j]pera# ajrenkjiajp# [4\/# Tdeo# `a_heja`#

dal]pe_#bqj_pekj]hepeao#naoqhpa`#hksan#pkte_epu#]ook_e]pa`#sepd#BE#LBJHF#paopejc#]j`#]j]huoao#kb#

_daie_]ho# oq_d# ]o# )_hkv]leja-# eokje]ve`a*# `aolepa# _heje_]hhu# lnkraj# pk# ^a# dal]pkpkte_# [5\/#

Ckjoamqajphu-# pda# `a_na]oa# ej# dal]pe_# _ahhqh]n# bqj_pekjo# ]ook_e]pa`# sepd# BE#LBJHF# _qhpqnejc#

pa_djemqa# sehh# nalnaoajp# ]# _d]hhajca# bkn# pda# nalnk`q_e^ehepu# ]j`# op]j`]n`ev]pekj# kb# epo#

]llhe_]pekj#ej#`nqc#`arahkliajp#]j`#BE#LBJHF#]j]huoeo#)Fecqna#2.4*#

#

9SQ^[O! *&+<# S_daia# `ao_ne^ao# pda# ]llhe_]pekjo# kb# dal]pe_# _ahho# ej# pda# ld]ni]_aqpe_]h#

ej`qopnu#]j`#BE#LBJHF#`nqc#paopejco/# #

#

Tda# ]hpan]pekj# ej# pda# dal]pk_ahhqh]n# bqj_pekj]hepeao# BE#LBLF# ]j`# BE#LBJHF! ]na# ]ook_e]pa`#

sepd# pda# ]^oaj_a# kb# pda# heran# j]pera# _ahhqh]n# ajrenkjiajpo# kn# atpn]_ahhqh]n# i]pnet# )ECM*#

aola_e]hhu#^u#pda#qoa#3D.#bh]p#_ahh#_qhpqna#pa_djemqao/#Tdqo-#ECM#eo#]#_nq_e]h#`apaniej]jp#kb#

pda#_kilhe]j_a#]j`#bqj_pekj]hepu#kb#heran#`aolepa#epo#hksan#kran]hh#lan_ajp]ca/#Ip#lnkre`ao#pda#

opnq_pqn]h# bn]iaskngo# ]j`# aooajpe]h# _qao# pk# i]ejp]ej# pda# dal]pk_upao# op]pao# ]j`# nah]pa`#

bqj_pekj]hepeao#]p#pda#decdaop#harah/#

#
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!

9SQ^[O!*&,3!Sdkso#pda#`eo_nal]j_eao#ej#heran#_ahhqh]n#^ad]reknoo#BE#LBLF#'!BE#LBJHF#

# #

+'!86A%!MYWZY\S]SYX\%!KXN!S]\!P^XM]SYXKVS]SO\! !

ECM# eo# pda# _ahhqh]n# j]pera# ajrenkjiajp# pd]p# eo# _kilkoa`# kb# _kilhat-# sahh.`abeja`#

knc]je_# i]pne_ao# pd]p# ej_knlkn]pa# oaran]h# i]_nkikha_qhao# ]j`# lnkpaejo/# Tda# ECM# eo#

]ooai^ha`# ejpk# ]# pdnaa.`eiajoekj]h# japskng# _kjp]ejejc# lna_eoahu# _kjpkqna`# j]jkopnq_pqnao#

)Fecqna# 2.5*/# Tda# ateopaj_a# kb# pdeo# ejpne_]pa# iaod# skngo# kb# ]ooai^ha`# i]_nkikha_qhao# eo#

i]ejhu# peooqa# ola_ebe_-# oej_a# i]ejhu# _kilkoepekjo-# _kj_ajpn]pekjo-# ]j #̀ cakiapneao# kb# pdaoa#

i]_nkikha_qhao#`alaj`#kj#peooqa#ola_ebe_#opnq_pqn]h#`ai]j`o#[6\/# #

ECM#i]_nkikha_qhao#ej_hq`a#r]nekqo#lnkpaejo-#chu_klnkpaejo#]j`#lnkpakchu_]jo/#Tda#

i]fkn#jkj.lnkpaej]_akqo#_kilkjajp#kb#ECM#_]hha`#chu_ko]iejkchu_]j#)GAG*#du]hqnkj]j/#

Tda# ikop# q^emqepkqo# lnkpaejo# kb# ECM# ej_hq`a# _khh]cajo-# be^nkja_pej-# ah]opej-# h]iejej# ]j`#

be^nehhejo/# Tdaoa# èranoebea`# _kilkoepekjo# lh]u# ]# ha]`ejc# nkha# ej# kn_daopn]pejc# _ahhqh]n#

^ad]rekno/#
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0 #

9SQ^[O!*&-<#Ihhqopn]pera#_]npkkjo#bkn#atpn]_ahhqh]n#i]pnet#ejpne_]pa#iaodskngo#]j`#

pdaen#ejpan]_pekjo#sepd#lh]oi]#iai^n]ja/# #

#

Ij# pda# l]op-# ECM# s]o# _kjoe`ana`# ]o# ]j# ejanp# pailh]pa# pk# i]ejp]ej# pda# lduoe_]h#

opnq_pqnao#kb#_ahho/#Hksaran-#pdeo#s]o#ej]__qn]pa#`abejepekj#bkn#pda#nkha#kb#ECM#okldeope_]pa`#

ajrenkjiajpo/#Ahpdkqcd# a]_d# _ahh# d]o# epo# ejdanepa`# _d]n]_paneope_o#kj# epo#cajkia-# pdana# eo# ]#

_kjpejqkqo# ejpanlh]u# sepd#ECM# _d]n]_paneope_o/#Sej_a# ]# ik`qh]pekj# ej#ECM# _d]n]_paneope_o#

ha]`o# pk#ik`qh]pekj#kb#_ahhqh]n#^ad]rekno#oq_d#]o#lnkheban]pekj#[7\-#]`daoekj#[8\-#iecn]pekjo#

[9\-#`ebbanajpe]pekj#[;\-#`arahkliajp# [21\/#Fkn# pda#lanbkni]j_a# kb# pdeo#_ahh# ejopnq_pera#nkhao-#

pda# ECM# ]ooai^hu# ]j`# _kilkoepekj# ]na# jkp# _kjop]jp-# ep# eo# ikna# hegahu# ej# _kjpejqkqo#

r]ne]pekjo#`alaj`o#kj#pda#_ahhqh]n#`ai]j`o-#pdeo#`kja#^u#pda#ejpanikha_qh]n#_nkoo.hejgejc#kn#

lnkpaej]oa# sepd# pda# _ahhqh]n# oa_napekjo# kb# lkoppn]joh]pekj]h# ajvuiao# ]o# i]pnet#

iap]hhklnkpaej]oao#)MMPo*/# #

#

+'*!IK[SY^\!86A!M^O\!KXN!S]\![YVO'!

Tda#skn`#{-K>|#`abejao#]jupdejc#pd]p#_kqh`#opeiqh]pa#]j#]_pekj/#Tda#pani#ECM#_qao#

qoq]hhu# `ao_ne^a# pda# iqhpe.opnq_pqn]h# ]j`# bqj_pekj]h# ajpepeao# hk_]pa`# ej# atpn]_ahhqh]n# i]pnet#

]j`# j]pera# ajrenkjiajp# ]nkqj`# _ahho# pk# _kjpnkh# pdaen# ^ad]rekno/# Tdeo# `eopej_pera# _qao#
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opeiqh]pa#_ahh#ola_ebe_#naolkjoa#]j`#peooqa#_kilhe]j_a#ej#`ebbanajp#knc]jo/#Fqnpdanikna-#pdau#

d]ra#]#_ajpn]h#]j`#bqj`]iajp#nkha#ej#ai^nukcajaoeo#]j #̀`arahkliajp/#Tdaoa#_qao#eo#`ere`a#

ejpk#3#pulao=#lduoe_]h#]j`#_daie_]h#_qao#]o#sehh#^a#`eo_qooa`/#

# Tda# ECM# lnkre`ao# pda# ia_d]je_]h# opnajcpd# ]j`# oqllknp# bkn# pda# _ahho# ^u# ]_pejc# ]o#

]n_depa_pqn]h#bn]iaskngo/#Sq_d#bn]iaskngo#]na#naoqhpa`#bnki#pda#]ooai^hu#kb#r]nekqo#ECM#

_kilkjajpo#]o#lnarekqohu#iajpekja`/#Tda#_kjopnq_pekjo#kb# pdaoa# bn]iaskngo#]lla]n# ej# pda#

bkni#kb# oaran]h#lnkiejaj_ao-# lknao-# be^ano# ]j`# araj# n]j`ki#lnkfa_pekjo0`alnaooekjo#sde_d#

hk_]pa`# ej# pda#j]jk#]j`#ie_nkj#oeva/#Tda#lnaoaj_a# kb# pdnaa# `eiajoekj]h# pklkcn]ldeao# eo# ]j#

eilknp]jp#na]okj#bkn#pda#_kjpnkh#kb#_ahhqh]n#lanbkni]j_a#[22\/# # Nkp#kjhu#d]ra#pda#cakiapneao#

kb# oq_d# ECM# ^eklduoe_]h# ba]pqnao# ^qp# ]hok# pdaen# oeva# _knnah]pa`# sepd# ola_ebe_# peooqa#

bqj_pekj]hepu/# #

Tda# _kjbecqn]pekjo# ]j`# _kilkoepekjo# kb# ECM# bn]iaskngo# naoqhpa`# hegaseoa# bqnpdan#

ik`ebe_]pekjo# ej#i]pnet# opebbjaoo# ]o# sahh# ]o# oqnb]_a# nkqcdjaoo# pd]p# ej# pqnj# ]hpan# pda# kran]hh#

_ahh# ^ad]rekno# [23\/#Sq_d# r]ne]^ha#ia_d]je_]h# ]j`#]n_depa_pqn]h# _d]n]_paneope_o#kb#ECM#]na#

_]hha`# lduoe_]h# _qao/# Tdaoa# _qao# _]j# ^a# _kjoe`ana`# ]o# ejpnejoe_# nacqh]pkno# kb# _ahhqh]n#

^ad]rekno# ]o# pdau# ]_p# ia_d]jkpn]o`q_pekj# bkn_ao# pk# ]hpan# pda# _ahhqh]n# _d]n]_paneope_o# ]j`#

^ad]rekno# ej# `ebbanajp# peooqao/# Fkn# ejop]j_a-# ECM# kb# dqi]j# _ahho# i]ejhu# _kilkoa`# kb#

_khh]caj#)ikop#]^qj`]jp#ECM#lnkpaej*-#^qp#`eranoebea`#bqj_pekj]hepeao#]j`#peooqa#_kilhe]j_a#

_kqh`#^a#nah]perahu#]ppne^qpa`# pk# pda#oecjebe_]jp# ]n_depa_pqn]h#^eklduoe_]h#`ebbanaj_a#^apsaaj#

peooqao#ej#]``epekj#pk#kpdan#b]_pkno#[24\/#

Sej_a#pda#ECM#_kilkoa`#kb#r]nekqo#gej`#i]_nkikha_qhao#sepd#`eranoebea`#bqj_pekj]h#

cnkqlo# ]j`# _daie_]h# `erancaj_a-# Tda# r]ne]pekjo# ej# pdai# d]ra# naoqhpa`# ej# oq^oamqajp#

ejpan]_pekjo# sepd# _ahh# oqnb]_a# na_alpkno# ]j`# hec]j`o# _kjoamqajphu# pneccanejc# ejpn]_ahhqh]n#

oecj]hejc# _]o_]`ao# pk# i]jelqh]pa# pda# _ahhqh]n# naolkjoao/# Fqnpdanikna-# ]_pejc# ]o# ]# naoanrken#



 �

bkn# _daikgejao# kn# _upkgejao# ]j`# cnkspd# b]_pkno# d]o# ^aaj# ]ook_e]pa`# sepd# ]hpan]pekjo# ej#

_ahhqh]n#daikop]oeo/#Sq_d#^ek_daie_]h#ejopnq_pera#peooqa#ola_ebe_#_d]n]_paneope_o#kb#ECM#_]j#

`ao_ne^a#pda#pani#kb#ECM#_daie_]h#_qao#sepd#`eopej_pera#_ahh#i]jelqh]pera#lnklanpeao/# #

#

,'!ASWSMUSXQ!@S_O[!WSM[YOX_S[YXWOX]!KXN!86A!M^O\!PY[!]RO!SWZ[Y_OWOX]!YP!ROZK]SM!

LORK_SY[\!

Ij#pda#h]op#psk#`a_]`ao-# èranoebea`#pa_djemqao#)j]pqn]h#kn#]npebe_e]h*#sana#`arahkla`#pk#

ieie_# pda# qjemqa# ECM# _qao# kb# heran# ie_nkajrenkjiajpo/# Tda# `arahkliajp# kb# pa_djemqao#

lh]uo#]#gau#nkha#ej#`nqc#paopejc#opn]paceao#]j`#^ek]npebe_e]h#heran#nah]pa`#]llhe_]pekjo/#Tda#ikop#

najksja`# pa_djemqao# pk# ieie_# pda# heran# ECM# s]o# ehhqopn]pa`# ej# # T]^ha# 2.2/# Daolepa# pda#

`eranoebea`#pa_djemqao#bkn#heran.ECM#oeiqh]pekj#]j`#araj#pdaen#bqnpdan#qoa#oeiqhp]jakqohu#pk#

i]ejp]ej#pda#ejj]pa#dal]pe_#bqj_pekj]hepeao-#dal]pk_ahhqh]n#_qhpqna#BE#LBJHF#sepd#]#decd#_ahhqh]n#

bqj_pekj]hepeao# eo# opehh# ]# _d]hhajca# aola_e]hhu# ej# pda#^eki]pane]h# b]^ne_]pekj# bkn# BE#LBJHF# `nqc#

`arahkliajp# opn]paceao# ]j`# nah]pa`# ]llhe_]pekjo/# A__kn`ejchu-# ]j# qj`anop]j`ejc# kb# pda#

nah]pekjodel#^apsaaj#dal]pe_#_ahho#]j`#pdaen#ajrenkjiajp]h#j]pera#_qao#eo#aooajpe]h#bkn#pda#_ahh#

naolkjoera#^eki]pane]h#b]^ne_]pekj#pa_djkhkcu/# #

#
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GKLVO! *&*<# Tda# _d]n]_paneope_o# ]j`# oaran]h# iapdk`khkceao# bkn# ieie_gejc# dal]pe_#

ie_nkajrenkjiajpo#]j`#r]nekqo#ECM#_qao/#

AO]RYN! 6RK[KM]O[S\]SM\! EOP'!

3D#peooqa#_qhpqna#lh]pa#

_krana #̀sepd#ECM#

lnkpaejo#]o#_khh]caj-#

be^nkja_pej#

.#Ijatlajoera-#nalnk`q_e^ha#]j`#nk^qop/#

.Lksan#dal]pe_#bqj_pekj]hepeao#]o#ejoqbbe_eajp#ieie_#kb#4D#heran#

ie_nkajrenkjiajp/#Sdknp.hera`#_]j]he_qh]n#opnq_pqnao/#

.V]nea`#naolkjoao#`alaj`ejc#kj#pula#kb#lnkpaej#qoa`/#

[25-#26\#

ECM#Pnkpaej#o]j`se_d#

_kjbecqn]pekjo#bkn#

dal]pk_upao#_qhpqna# #

.0E#LBLF#hega#iknldkhkcu/#

.Ij]__qn]pa#jqpneajpo#pn]jolknp]pekj/#

.Ma_d]je_]h#ejop]^ehepu/#

[27\#

Ck_qhpqna#ouopai#)]jkpdan#

pula#kb#_ahho#sepd#

dal]pk_upao*#

Sejcha#kn#`kq^ha#h]uan#

.Pnk`q_pekj#kb#j]pera#ECM#]j`#cnkspd#b]_pkno#^u#oq_d#]`fqp]jp#

_ahho/#

.Lks#ia_d]je_]h#op]^ehepu/#

.Raolkjoao#]na#]`fqp]jp#_ahh#pula#`alaj`]jp#]o#heiephaoo#_ahh#pk#_ahh#

ejpan]_pekjo#ia_d]jeoio/# #

[28\#

M]pnecah# Gah]pejkqo#lnkpaejo#ietpqna#lnk`q_a`#BE#LBJHF#bnki#E}H}S#ikqoa#

o]n_ki]/#

Hecd#lkooe^ehepu#kb#^ekhkce_]h#_kjp]iej]pekjo/#

Iiiqjkcaje_epu#]j`#l]pdkcaje_#pqikn#knecej/#

[29\#

Hkhhks#be^ano# #

)e/a/#]hcej]pa#*#

Hal]pk_upao#]na#hk]`a`#ejoe`a#kn#kqpoe`a#dkhhks#be^ano/# #

V]nekqo#lkhuiano#sepd#rano]peha#_d]n]_paneope_o#_]j#^a#qoa`/# #

Pnklan#ktucaj#]j`#jqpneajp#pn]joban#eo#namqena`/#

Fqnpdan#eilnkraiajp#kb#dal]pk_upao#bqj_pekj]hepeao/# #

[2;\#

Pknkqo#4D#S_]bbkh`# Ebbe_eaj_u#i]ejhu#`alaj`o#kj#pda#j]pqna#kb#i]pane]h#qoa`/#

Pkna#oeva#]j`#`eiajoekj#]na#_nq_e]h#bkn#pda#lnklan#jqpneajp#]j`#

ktucaj#`ebbqoekjo/#

[31\#

N]pqn]h#Pkhuian#behio# #

)e/a/#Cdepko]j*#

Lksan#ia_d]je_]h#ejpacnepu/#

Skqn_a#r]ne]^ehepeao#bkn#lkhuiano#sepd#j]pqn]h#knecej/# # #

[32\#

Sujpdape_#lkhuian#

)e/a/#Pkhuaopano-#PEG*#

Oran_kia#pda#h]_g#kb#_ahh#]`daoekj#ikpebo#^u#pda#oqlanbe_e]h#

ik`ebe_]pekjo#sepd#^ekikha_qhao#]o#RGD/#

Mqp]^ha#_d]n]_paneope_o#bkn#eilnkraiajp#kb#dal]pk_ahhqh]n#

bqj_pekjo/#

Deranoebea`#ik`aho#]j`#bknio#]o#du`nkcaho#]j`#bk]io/#

[33-#34\#

Ijknc]je_#i]pane]ho# #

)e/a/TeO3-#Ah3O4*#

Vano]peha#_d]n]_paneope_o#'#atl]j`a #̀b]^ne_]pekj#pa_djkhkceao/# [35-36\#
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-'! FbX]RO]SM! LSYWK]O[SKV\! ]Y! MYX][YV! ROZK]YMOVV^VK[! [O\ZYX\O\! Lb! WSWSMUSXQ! ]RO!

SX&_S_Y!86A'!

Tda# oqnl]ooejc# ]`r]j_aiajp# ej# pda# b]^ne_]pekj# kb# oujpdape_# ^eki]pane]ho# sepd# ola_ebe_#

_d]n]_paneope_o#]j`#`eopej_pera#opnq_pqnao# eo#kja#kb#gau# na]okjo#bkn# pda#lnar]hajp#qpehev]pekj#kb#

oq_d# ^eki]pane]ho# ej# pda# heran# BE#LBJHF# ]llhe_]pekjo# aola_e]hhu# pk# _kjpnkh# pda# dal]pk_ahhqh]n#

naolkjoao# ej# `nqc# `arahkliajp# lnkcn]io/# Sujpdape_# i]pane]ho# `kjzp# atlaneaj_a#

eiiqjkcaje_epu-# ^ekhkce_]h# _kjp]iej]jpo-# kn#knecej# r]ne]^ehepu# ]ook_e]pa`# sepd# j]pqn]h# ^]oa`#

^eki]pane]ho#[37\/#Tda#lna_eoa#_kjpnkh#kb#opnq_pqnao#ej#j]jk#]j`#ie_nk.o_]ha#haraho#sepd#jkrah#

ia_d]je_]h#lnklanpeao#kb#oq^opn]pao#ha]`o#pk#pda#eilnkraiajp#]j`#r]he`]pekjo#kb#dal]pk_ahhqh]n#

bqj_pekj]hepeao# bkn# pda# ^ek.nah]pa`# ]llhe_]pekjo# oq_d# ]o# `nqc# paopejc# opn]paceao/# Mknakran-#

ieie_gejc#kb#r]nekqo#ECM#lduoe_]h# _qao#)e/a/#opebbjaoo-# pklkcn]ldu# ]j`#nkqcdjaoo*#_kqh`#^a#

a]oehu# ]_deara`# ^u# pda# lna_eoa# _kjopnq_pekj# kb# oq_d# j]jk# ]j`# ie_nk.o_]ha# ajpepeao# sepd#

_kjpnkhha`#iknldkhkceao-#_kilkoepekjo-#od]lao#]j`#oeva/# #

Fqnpdanikna-# pda# lnaoaj_a# kb# rano]peha# pa_djemqao# bkn# pda# bqj_pekj]hev]pekj# ]j`#

`aner]pev]pekj# ]hhkso# ieie_gejc# pda# oaran]h# ECM# _daie_]h# _qao# sepd# `eopej_pera# oqnb]_a#

_daie_]h#bqj_pekj]hepeao#bkn#pda#na]hev]pekjo#kb#ejpanlh]uo#]j`#b]_pkno#namqena`#bkn#pda#ajd]j_a`#

_ahh#ejpacn]pekjo#lnklanpeao#[38\/# # # #

Ahpdkqcd# ECM# eo# okldeope_]pa`# opnq_pqnao# sepd# iqhpebqj_pekj]h# _d]n]_paneope_o-# pda#

ieie_gejc#kb#oejcha#kn#`kq^ha# _qao#qoejc# pda# ]`r]j_a`#j]jkpa_djkhkceao# eo# aooajpe]h# bkn# pda#

qj`anop]j`ejc# kb# pda# nah]pekjodel# ^apsaaj# heran# dqi]j# _ahho# ]j`# ECM# _qao/# Tdqo-# pda#

na_kcjepekj# ]j`# ieie_gejc# kb# oq_d# _qao# ^u# pda# ]hpan]pekj# ej# ejpanb]_e]h# _d]n]_paneope_o# kb#

^eki]pane]ho#qoejc#]r]eh]^ha#]`r]j_a #̀ b]^ne_]pekj#pa_djemqao#skqh`#lnkre`a#]#jkrah#ia]j#bkn#

pda#ej_na]oa#kb#dal]pe_#bqj_pekj]hepeao#aola_e]hhu#bkn#BE#LBJHF!]llhe_]pekjo/# #

#

#



� �

-'*'!AK]O[SKV!\^ZO[PSMSKV!]YZYQ[KZRb!]Y!MYX][YV!]RO!ROZK]YMOVV^VK[!LORK_SY[\'!

Tda#eilknp]j_a#kb#pklkcn]ldu#i]jelqh]pekj#kb#oq^opn]pao#)op]npejc#bnki#oq^iehheiepan#pk#

ie_nkiapan*#bkn#pda#i]teiev]pekj#kb#dal]pk_ahhqh]n#bqj_pekj]hepeao#d]ra#^aaj#]#_ajpn]h#oq^fa_p#

bkn# i]ju# naoa]n_dao# aola_e]hhu# pk# kran_kia# pda# `a_na]oa`# dal]pe_# bqj_pekj]hepeao# ]ook_e]pa`#

sepd#pda#qoa#kb#kn`ej]nu#bh]p#peooqa#_qhpqna#s]nao#]j`#]ook_e]pa`#_d]hhajcao#bkn#pdaen#qpehev]pekj#

ej#r]he`#`nqc#BE#LBJHF#]j]huoao/#Sej_a#iknldkhkcu#kb#oqlanbe_e]h#ba]pqnao#]j`#`eiajoekj#skqh`#

ejbhqaj_a# pda# dal]pk_ahhqh]n# ]`daoekj-# _upk]n_depa_pqnao# ]j`# oq^oamqajp# bqj_pekj]hepeao/#TeO3#

o_]bbkh`o# sepd# dqj`na`o# ie_nkiapan# _]repeao# ejbhqaj_a`# pda# dal]pk_upao# `eopne^qpekjo# ]j`#

]`daoekjo#[39\/#U.od]la`#pnaj_dao#pklkcn]ldu#sepd#oaran]h#ie_nkiapan#oeva#)se`pd#28.41#!i-#

`alpd# 2.5# !i*# lnkikpa`# pda# pdnaa.`eiajoekj]h# cnkspd# kb# dal]pk_upao# sepd# ]# oq^oamqajp#

i]ejpaj]j_a#kb#decdan#]h^qiej#atlnaooekj#[3;\/#Tda#ie_nklknkoepu#eo#eilknp]jp#`apaniej]jp#kb#

dal]pk_ahhqh]n# ^ad]rekno-# oej_a# pda# decdan# lkna# oeva# )78!i*# kb#PGLA# )DL.chu_khe_._k.h]_pe_#

]_e`*#oq^opn]pao-#pda#decdan#4D#knc]jev]pekjo#sepd#]#oq^oamqajp#ej_na]oa#ej#]h^qiej#oa_napekjo#

[41\/# #

/#Daolepa#pda#atla_pa`#oecjebe_]j_a#kb#oq^ie_nk0j]jk.o_]ha#pklkcn]ldu#ej#pda#lnkikpekj#

kb#dal]pe_#bqj_pekj]hepeao-#pdau#]na#oah`ki#opq`ea`-#at_alp#pda#)amq]hhu#ol]_a`*#911#ji#lep_dao#

pd]p#lnarekqohu#nalknpa`# pk# ej_na]oa# pda#]h^qiej#atlnaooekj#^]oa`#kj# pda#]hpan]pekj#kb#cnkkra#

`alpd#[42\/#Tdeo#qnca`#ia#pk#_kjoe`an#pda#nkha#kb#oq_d#j]jk.o_]ha#r]ne]pekjo#ej#pda#od]la#]j`#

oeva# kb# pklkcn]lde_]h# ba]pqnao# ]j`# pda# oq^oamqajp# lnkikpekj# kb# dal]pk_ahhqh]n# ^ad]rekno#

ej_hq`ejc# pda# atlnaooekj# kb# oaran]h# bqj_pekj]h# lnkpaejo/# Sej_a# pda# ejbhqaj_a# kb# j]jkba]pqnao#

cakiapne_]h#i]jelqh]pekjo#i]u# naoqhp#]#r]ne]pekj# ej# _ahhqh]n#iknldkhkcu-# ejpacnejo# _hqopanejc#

]nn]jcaiajp# ]j`# _ahhqh]n# ]hecjiajp-# sepd# ]# oq^oamqajp# ]hpan]pekj# ej# _ahhqh]n# ]`daoekj# ]j`#

bqj_pekj]hepeao/# Fqnpdanikna-# I# bk_qoa`# kj# pda# nkha# kb# qjamq]h# ]hpan]pekjo# ej# pda# èiajoekj]h#

i]cjepq`a# kb# pklkcn]lde_]h# ba]pqnao# kn# pda# dapankpkle_# ik`ebe_]pekjo# ej# pda# ejpanol]_ao#
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^apsaaj# j]jkba]pqnao-# kj# sde_d# pdaoa# ]hpan]pekjo# ej# ejpanol]_a# `eiajoekj# _]j# lnkre`a# pda#

namqena`# oq^opn]pqi# ]na]# bkn# ajd]j_aiajp# kb# ejpacnej# ejpan]_pekjo# ]j`# araj# ]# oi]hhan#

ejpanol]_a# _]j# ^a# qoa`# bkn# pda# ajpn]liajp# kb# ^ek]_pera# ikha_qhao# ]o# ECM# lnkpaejo# sepd# ]#

naoqhp]jp#ej_na]oa#ej#ejpacnejo#oq^opn]pqi#ejpan]_pekjo#[43\#sepd#atla_pa`#]hpan]pekjo#ej#_ahhqh]n#

_upk]n_depa_pqnao#]j`#bqj_pekj]hepeao/#Ckjoamqajphu-#pda#naoqhpo#kb#pdeo#opq`u#skqh`#lnkre`a#pda#

namqena`# ejbkni]pekj# bkn# pda# ^aop# oeva# ]j`# cakiapnu# kb# j]jkba]pqnao# pd]p# skqh`# ajd]j_a#

iqhpelha#dal]pe_# bqj_pekj]hepeao/#Tdeo#ejbkni]pekj#_]j#^a#bqnpdan#atlhkepa`# bkn#pda#b]^ne_]pekjo#

kb#^eki]pane]h#oq^opn]pao#pd]p#_kqh`#^a#qpeheva`#ej#dal]pk_ahhqh]n#BE#LBJHF#_qhpqna#s]nao#bkn#ikna#

oajoepera#`nqc#_upkpkte_epu#]j]huoao#)_d]lpan#3-#5*/# #

#

#

9SQ^[O! *&.3# odkso# lnaoaj_a# kb#RGD#ikpeb# ej# ECM#lnkpaej# {be^nkja_pej# ]j`# epo#

ejpan]_pekjo#sepd#ejpacnejo# #

-'+'! 6ROWSMKV! P^XM]SYXKVScK]SYX! YP! ]RO! LSYWK]O[SKV! ^\SXQ! E;7! ]Y! MYX][YV! ]RO!

ROZK]YMOVV^VK[!LORK_SY[\'!

RGD# ikpeb# )Ancejeja.Ghu_eja.Aol]npe_*# eo# pnelalpe`a# oamqaj_a# pd]p# eo# _kjoe`ana`# ]o# ]#

_ahh# ^ej`ejc# `ki]ej# ej# i]ju# ECM# lnkpaejo# ]o# be^nkja_pej/# RGD# eo# naolkjoe^ha# bkn# pda#

nacqh]pekj#kb#i]ju#_ahhqh]n#bqj_pekjo#]o# be^nkja_pej#]ooai^hu-#_ahhqh]n#]`daoekj#pdnkqcd#pdaen#

ejpan]_pekjo#sepd#ejpacnejo#na_alpkno#)e/a/#"6#2*#)Fecqna#2.6*/#Ijpacnejo#]na#dapank`eiane_#)"-###
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oq^qjep*# pn]joiai^n]ja# na_alpkno# pd]p# pn]jo`q_a# pda# oecj]ho# ]neoa# bnki# pda# atpanj]h#

ajrenkjiajp#]o#ECM#ejpk#_ahho#pdnkqcd#pneccanejc#_]o_]`a#kb#_ahhqh]n#oecj]hejc#l]pds]uo/#Ip#eo#

aooajpe]h#pk#bqnpdan#ia`e]pao#_ahhqh]n#]`daoekj-#oej_a#]#oepa#`ena_pa`#iqp]cajaoeo#ej#RGD#ikpeb#

sepd# pda# nalh]_aiajp# kb# chqp]ie_# ]_e`# bkn# ]ol]npe_# ]_e`# naoqhpa`# hkoo# kb# pda# _ahh# ]`daoera#

_]l]^ehepu#[44\/# #

Tda# ]ook_e]pekjo# kb# lalpe`a# oamqaj_ao# ej# r]nekqo# ^eki]pane]h# oqnb]_ao# d]ra# ^aaj#

nalknpa`#pk#ej_na]oa#pda#atlnaooekj#kb#dal]pk_ahhqh]n#lnkpaejo#]j`#^eki]ngano#oq_d#]o#]h^qiej-#

_upk_dnkia# P.561# [45-# 46\/# Tdaoa# ajd]j_a`# bqj_pekj]hepeao# _]j# ^a# atlh]eja`# `qa# pk# pda#

ej_na]oa# ej# pda# lan_ajp]ca# kb# ]pp]_da`# _ahho=# dksaran-# pdeo# i]u# jkp# ^a# pda# _]oa# kb#

RGD.dal]pk_ahhqh]n# ejpan]_pekjo/# Sej_a# ep# s]o# lnarekqohu# nalknpa`# pda# dal]pk_upao#

bqj_pekj]hepeao#eo#]hpana`#qlkj#pda#eiik^ehev]pekj#kb#3#bknio#kb#RGD#oamqaj_ao#)kja#eo#RGD#

ej# ]# odknp# lalpe`a# oamqaj_ao-# kpdan# eo# ]# ^eccan# lalpe`a# sepd# RGD# oamqaj_ao*-# ]hpdkqcd# pda#

dal]pk_ahhqh]n#lan_ajp#kb#]pp]_diajp#^apsaaj#3#RGD#_k]pa`#oq^opn]pao#eo#pda#o]ia#[47\/#Sq_d#

_d]jca#ej#pda#dal]pk_upao#bqj_pekj]hepeao#sana#]ppne^qpa`#pk#RGD._ahh#na_alpkn#_kjbkni]pekjo-#

ejpan]_pekjo# ]j`# ]bbejepeao# sepd# oq^oamqajp# _d]jca# ej# pda# _ahhqh]n# iknldkhkcu# uap# jkp#

]pp]_diajp/#Ba_]qoa#kb#pdeo#_d]jca# ej#pda#RGD.na_alpkn#ejpan]_pekjo-#]j#]hpan]pekj# ej#_ahhqh]n#

]n_depa_pqnao# skqh`# ^a# k^oanra`# sepd# oq^oamqajp# _d]jca# ej# okldeope_]pa`# ^ek_daie_]h#

oecj]hejc#_]o_]`ao#]j`#naoqhp]jp#bqj_pekj]hepeao/#Tda#nkhao#kb#RGD#oamqaj_ao#kn#lnkpaejo# pd]p#

_kjp]ej# oq_d# ikpeb# ej# pda# nacqh]pekj# kb# dal]pk_ahhqh]n# bqj_pekj]hepeao# d]ra# ^aaj# lnarekqohu#

nalknpa`# [45.47\# dksaran-# ej# pda# j]pqna-# pda# nkha# kb# RGD# ]o# ]j# eilknp]jp# nacqh]pkn# kb# heran#

bqj_pekj]hepeao# eo# jkp# eokh]pa`# bnki# kpdan# ^ek_daie_]h# b]_pkno# ]j`# lduoe_]h# _qao# kb# ECM/#

Ckjoamqajphu-#ep#i]u#^a#oecjebe_]jp#pk#ejraopec]pa#pda#eil]_p#kb#_ki^ejejc#ikna#pd]j#]#oejcha#

_qa# ej# pda# o]ia# oq^opn]pa# pk# _hkoahu# ieie_# pda# j]pqn]h# heran# ajrenkjiajp/# Sk# pda# nkha# kb#

ejpacn]pekj# kb# RGD# sepd# pda# lduoe_]h# i]jelqh]pekj# kb# pklkcn]lde_]h# _d]n]_paneope_o# kb#
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i]pane]ho# ]j`# pda# dal]pe_# naolkjoao# pk# oq_d# ejpacn]pekjo# sana# opq`ea`# ]j`# _kil]na`# pk#

oq^opn]pao#sepd#a]_d#_qao#]hkja#kn#oq^opn]pa#sepdkqp#]ju#_qa#)_d]lpan#4*/# #

.'!AY]S_K]SYX\!

Tda# `aoecj# ]j`# b]^ne_]pekj# kb# _ahh# _qhpqna# ik`aho# sepd# ]llnklne]pa# _daie_]h#

_kilkoepekjo-#]j`#^eklduoe_]h#_d]n]_paneope_o#]j`#]ooai^heao#]na#opehh#lnk^hai]pe_#aola_e]hhu#

bkn# pda#lnkikpekj#kb#dal]pe_# bqj_pekj]hepeao/#Tdaoa#ik`aho#skqh`#^a#qpeheva`#]o#_ahh# _qhpqna#

oq^opn]pao# ej# pda# `arahkliajpo# kb# r]he`]pa`# BE#LBJHF# `nqc# ]j]huoao# opn]paceao# ]o# pda#

ia]oqnaiajpo#kb#_upkpkte_epu/#Daolepa#pda#lnaoaj_a#kb#oaran]h#pa_djemqao#pk#ieie_#pda#^qhg#

dal]pk_ahhqh]n# j]pera# ajrenkjiajpo# )ECM*-# pda# nah]pekjodel# ^apsaaj# oejcha# kn# bas# ECM#

ahaiajp]h# _qao# ]j`# dal]pe_# _ahhqh]n# ^ad]rekqno# aola_e]hhu# ]p# pda# j]jk.harah# jaa`o# pk# ^a#

ejraopec]pa`/# Tdeo# nah]pekjodel# sehh# aj]^ha# qo# pk# ]jpe_el]pa# pda# ^aop# aooajpe]h# oqlanbe_e]h#

_d]n]_paneope_o# bkn# pda# ej_na]oa`# _ahh.oq^opn]pqi# ejpan]_pekjo/#Fqnpdanikna-# Ij# `nqc#]j]huoeo#

opn]paceao-# pda#qpehev]pekj# kb#lnei]nu# dal]pk_upao# )`ena_phu# eokh]pa`# bnki# heran*# eo# ]ook_e]pa`#

sepd#oaran]h#r]ne]^ehepeao-#b]op#hkoo#kb#bqj_pekj]hepeao-#_kop#heiep]pekjo-#sdeha#pda#qpehev]pekj#kb#

kpdan#pulao#kb#eiiknp]heva`#dal]pe_#_ahho#)_]j_an#_ahh#hejao*#ej#`nqc#`arahkliajp#]llhe_]pekjo#

sehh#naoqhp#ejoecjebe_]jp#]j`#ej]__qn]pa#]j]huoao#naoqhpo#`qa#pk#pdaen#`a_na]oa`#bqj_pekj]hepeao#

`aolepa# kpdan# ]`r]jp]cao# ]o# hks# _kop# ]j`# a]ou# d]j`hejc/# Tdqo-# Hana-# Oqn#lqnlkoa# s]o# pda#

`aoecj# ]j`# b]^ne_]pekjo# kb# oq^opn]pao# pd]p# ajd]j_a# pda# dal]pe_# bqj_pekj]hepeao# bkn# ikna#

oajoepera# _upkpkte_# `nqc# ]j]huoeo/# HalG3# s]o# _dkoaj# ]o# ]# paopejc# dal]pe_# ik`ah# bkn# pda#

ejraopec]pekj#kb#oq_d#oq^opn]pa#oqlanbe_e]h#_d]n]_paneope_o/#Ip#eo#]#dal]pe_#_]j_an#_ahh#heja#sepd#

hks# dal]pe_# bqj_pekj]hepeao# BE#LBJHF/# Ip# eo# op]^ha# _ahho# _kil]na`# pk# lnei]nu# dal]pk_upao# pd]p#

atlaneaj_a# iknldkhkce_]h# ]j`# cajape_# ]hpan]pekjo# ksejc# pk# pda# ]^nqlp# hkoo# kb# pdaen# j]pera#

ajrenkjiajpo#]bpan#eokh]pekjo/#Ip# eo#_d]n]_paneva`#^u#hks#_kop#]j`#a]ou#d]j`hejc#sde_d#bepo#ej#

pda#ld]ni]_aqpe_]h#ej`qopne]h#`nqc#]j]huoao/#
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#

9SQ^[O!*&/3#Dale_po#pda#4#opn]paceao#qoa`#pk#at]ieja#pda#nkha#kb#_daie_]h#]j #̀ lduoe_]h#

r]ne]pekjo# ej# j]jkl]ppanj# pk# ieie_# ECM# _qao# ]j`# pda# paopa`# dal]pk_ahhqh]n# BE#LBJHF#

naolkjoao/#

!

/'!<bZY]RO\S\!KXN!\][K]OQSO\!]Y!]O\]!\^MR!RbZY]RO\S\! !

Ij#kn`an#pk#]_deara#pdeo#lqnlkoa-#I#d]ra#dulkpdaoeva`#pd]p#pda#r]ne]pekjo#ej#pda#_daie_]h#

]j`#lduoe_]h#_d]n]_paneope_o#kb#oq^opn]pao#ola_ebe_]hhu#pk#ieie_#ECM#_qao#qoejc#pda#]r]eh]^ha#

]`r]j_aiajp# ej# j]jkb]^ne_]pekj# pa_djemqao# _]j# ^a# qoa`# pk# eilnkra# pda# dal]pk_ahhqh]n#

bqj_pekj]hepeao# ]j`# ^ad]rekno/# Tdqo-# pdeo# i]jelqh]pa`# oqnb]_ao# _]j# ^a# qpeheva`# bkn# ikna#

oajoepera#BE#LBJHF#`nqc#]j]huoao#]j`#_upkpkte_epu#opq`eao/# #
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4# opalo# sana# `kja# pk# paop# iu# dulkpdaoeo-# ]p# pda# ^acejjejc=# ieie_gejc# kb# pda#

oejcha0iqhpelha# ECM# _qao# bkn# pda# atlnaooekj# kb# _ahh# naolkjoera# oqnb]_a# bkhhksa`# ^u# pda#

ejraopec]pekj# kb# BE#LBJHF# dal]pk_ahhqh]n# ^ad]rekno# ej# kn`an# pk# lnkikpa# ]j`# ]hpan# pdaen#

bqj_pekj]h# ]j`# opnq_pqn]h# naolkjoao# sana# `kja/# Ap# pda# aj`-# pda# qpehev]pekj# kb# oq_d# _ahh#

ejopnq_pera#oq^opn]pa#]o#]# _qhpqna#ouopai#s]o#`kja# bkn# BE#LBJHF#]j]huoeo#kb#`nqc#_upkpkte_epu#

{Ceolh]pej|/#Tdnaa#opn]paceao#sana#]`]lpa`# pk# paop# pdeo#dulkpdaoeo#]j`#pdau#]na# ehhqopn]pa`# ej#

becqna#2.7#]j #̀atlh]eja`#ej#`ap]eho#ej#_d]lpano#3.5/#

*$!ASWSMUSXQ!86A!ZRb\SMKV!M^O\!#GYZYQ[KZRb$!Lb!]RO!MRKXQO!SX!\ScO!KXN!QOYWO][b!YP!

XKXY\][^M]^[O\!

I.#Daoecj#kb#_ahh#naolkjoera#pklkcn]lde_]h#_qao#bkn#pda#lnkikpekj#kb#dal]pk_ahhqh]n#

^ad]rekno#

Ij#kn`an#pk#]_deara#oq_d#]#p]ncap-#4#i]fkn#b]_pkno#odkqh`#^a#p]gaj#ejpk#_kjoe`an]pekjo/#

# .Ij`ere`q]h#ECM#_qao#)od]la-#oeva*#]j`#klpeiqi#`eiajoekjo/# #

.Cahhqh]n#e`ajpepeao#]j`#pdaen#BE#LBLF#]n_depa_pqnao#

# .#Daoena`#_ahhqh]n#naolkjoao/##

Tdqo-#sdaj#I#_dkkoa#dal]pe_#_ahho#]o#]#_]j`e`]pa#bkn#oq_d#dulkpdaoeo-#I#pnea`#pk#ieie_#

pda# cakiapnu# ]j`# oeva# kb# pda# ikop# q^emqepkqo# ECM# lnkpaejo# {_khh]caj|# ej# heran/# Tda#

ahkjc]pa`#heja]n#cakiapnu#s]o#_dkoaj#pk#ieie_#pda#dean]n_de_]hhu#atpaj`a`#_khh]caj#be^neho/#

Tdaj# pda# eilknp]j_a# kb# l]n]hhah# _kjbecqn]pekj# s]o# paopa`# ^u# pda# qoa# kb# ]jkpdan# cakiapnu#

{`eo_kjpejqkqo#na_p]jcqh]n|#sepd#pda#o]ia#`eiajoekj#)Fecqna#2.8*/#pda#j]pera#_khh]caj#be^neho#

sepd# )71# ji*# `e]iapano# ]na# oq^oamqajphu# ]nn]jca`# ejpk# ^qj`hao# sepd# h]ncan# `e]iapano#

)1/3.6!i*#[48\/#Fkn#ieie_gejc#pda#klpeiqi#`eiajoekj#bkn#dal]pe_#naolkjaoa-#4#`eiajoekj]h#

_d]n]_paneope_o# ejrkhra-# `e]iapan# kb# j]jkopnq_pqnao# kn# cn]pejco# )X*-# epo# daecdp# )Z*-# ]j`# pda#

ejpanol]_a# ej# ^apsaaj# oq_d# `e]iapano# )Y*# odkqh`# ^a# _dkoaj/# Tda# `e]iapano# kb# pda#
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j]jkcn]pejco#)X*#sana#_dkoaj#pk#naoai^ha#pda#_khh]caj#be^neho#oevao/#Tda#daecdp#)Z*#sa#_dkoa#

]o#51#ji-#oej_a#]#h]ncan#daecdp#sehh#_kjbeja#pda#]pp]_diajp#kb#pda#_ahho#kran#pda#j]jkcn]pejco#

sepdkqp# ]ju# bqnpdan# _ahhqh]n# ]__aoo# pk# pda# ejpanol]_a# ^apsaaj# j]jkcn]pejco# sepd# naoqhp]jp#

_kjopne_pekjo#kb#ejpacnejo#]ooai^heao#kj#pda#qllan#ba]pqnao/#Fej]hhu-#dapankpnkle_#]hpan]pekj#ej#

pda#`e]iapan0ejpanol]_a#)X<Y*#`eiajoekjo#pk#bep#sepdej#!#2<3-#2<4-#]j`#2<5#n]jcao/# #

#

9SQ^[O!*&0<#Dale_po# pda# naoai^h]j_a#^apsaaj# b]^ne_]pa`#j]jkcn]pejco# ]j`# kja#kb# heran#

ECM# lnkpaejo# {_khh]caj|# ]j`# pda# cakiapne_]h# ]hpan]pekjo# pd]p# lanbknia`# ejpk# ]jkpdan#

od]la-#SEM#]j`#TEM#bkn#ECM#_khh]caj#kb#heran#k^p]eja`#bnki#lq^heoda`#]npe_ha#[48\/#

#

II.# F]^ne_]pekj# kb# j]jkl]ppanj# sepd# oq_d# ola_ebe_# `eiajoekj]h# ]j`# cakiapne_]h#

_d]n]_paneope_o#]j`#oqnb]_a#_k]pejc#sepd#TeO3#behi/#

# Eha_pnkj# ^a]i# hepdkcn]ldu# s]o# qoa`# pk# lanbkni# pda# j]jk.o_]ha# lduoe_]h# ]j`#

pklkcn]lde_]h#r]ne]pekjo#ej#pda#oqnb]_a#kb#oehe_kj#s]bano#]o#ehhqopn]pa`#ej#_d]lpan#3#ej#`ap]eho/#

Pneopeja# oehe_kj# s]bano# i]u# jkp# ^a# pda# ^ek.abbe_eajp# ajrenkjiajp# oej_a# bhq_pq]pekjo# ej#

]bbejepeao# ]j`# `a_na]oa`# _ahhqh]n# ]`daoekj# _]j# ^a# k^oanra`# `alaj`ajp# kj# _ahh# pulao# [49\/#

Wdeha#pda#]`daoekjo#]j`#]pp]_diajpo#kb#_ahho#kran#pda#^eki]pane]ho#]na#aooajpe]h#`apaniej]jpo#

kb# _ahh.oq^opn]pqi# ejpan]_pekjo# ]j`# oq^oamqajp# naoqhp]jp# _ahhqh]n# naolkjoao/# Ckjoamqajphu-#

oqnb]_a#_k]pejco#kb#oq_d#j]jkopnq_pqnao#sepd#]#pdej#behi#kb#iap]h#kte`ao#kn#knc]je_#lkhuiane_#

i]pane]ho# sana# kqn# klpekj/# TeO3# s]o# _dkoaj# ]o# ]# o_]bbkh`# bkn# iu# ik`aho# pk# ej_na]oa# pda#

^ek_kil]pe^ehepu# ]j`#^ek]_perepu# kb# iu# oq^opn]pao/# I# _]jjkp# _kj_hq`a# pda# i]ej# nkha#kb#TeO3#
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oej_a#I#d]ra#jkp#_kil]na`#ep#sepd#kpdan#oqnb]_a#_k]pejco/#Hksaran-#I#^aheara#pd]p#lnaoaj_a#kb#

oq_d#behio#sehh#ej_na]oa#pda#^ek_kil]pe^ehepu-#oej_a#TeO3#pdej#behio#d]ra#lnarekqohu#nalknpa`#

pk# ej_na]oa# pda# lnkpaejo# ]`oknlpekj# aola_e]hhu# oanqi# lnkpaejo# _kjoamqajphu# b]rkno# _ahh#

i]pane]h# ejpan]_pekjo# sepd# ]# naoqhp]jp# ej_na]oa# ej# _ahhqh]n# ]`daoekj# [4;\/# TeO30_depko]j#

_kilkoepao# d]`#]# decdan# ]pp]_diajp# abbe_eaj_u# sepd# ]# decdan# atlnaooekj# kb# dal]pe_# i]ngan#

{]h^qiej|#_kil]na`#pk#_depko]j#]hkja#[51\/#Tda#`alkoepekj#kb#pdej#behi#kb#TeO3#qoejc#]pkie_#

h]uan#`alkoepekj#pa_djemqa#s]o#]^ha#pk#ej_na]oa#pda#lnkpaej#]`oknlpekj#]j`#eil]np#daikop]pe_#

_d]n]_paneope_o# pk# _ahhqhkoa# ]_ap]pa# be^ano# [52\/# Fqnpdanikna-# TeO3# pdej# behio# ]o# ]# o_]bbkh`#

sana# ]^ha# pk# ej`q_a# pda# atlnaooekj# kb# r]nekqo# iai^n]ja# na_alpkno# ]j`# oecj]hejc# lnkpaejo#

ejrkhra`#ej#_ahh.oq^opn]pqi#ejpan]_pekjo#]o#ejpacnej##2-#]j`#]_per]pekjo#kb#ERK2#]j`#ERK.3#

sepd# ajd]j_aiajp# kb# _ahhqh]n# ]pp]_diajp# ]j`# oq^oamqajp# bqj_pekj]hepeao# [53\/# A__kn`ejchu-#

pda# pdej#behio#kb#TeO3# _kqh`#b]_ehep]pa#pda#_ahh#i]pane]h#ejpan]_pekjo#sepd#oq^oamqajp#^ej`ejc#

kb#ola_ebe_#^ekhkce_]h#p]ncapo#]o#lnkpaejo-#_ahhqh]n#na_alpkno/#A``epekj]hhu-#pda#qjemqa#ejpnejoe_#

ba]pqnao#kb#TeO3#]o#oqnb]_a#_d]n]_paneope_o#]o#pdani]h#op]^ehepu#]j`#]jpe^]_pane]h#lnklanpeao#pd]p#

ej_na]oa# epo#qpehev]pekj# ej#^eki]pane]h# b]^ne_]pekjo# [54\/#Tdqo-#TeO3# opnq_pqn]h# _d]n]_paneope_o#

)pda#oeva-#iknldkhkcu-#pklkcn]ldu-#sapp]^ehepu-#_nuop]hhejepu*#lnkre`a#pda#aooajpe]h#]ola_po#kb#

_ahh.ajrenkjiajp# ejpan]_pekjo# sepd# oq^oamqajp# ]hpan]pekj# ej# _ahh# knc]jev]pekj-# oqnrer]h-# ]j`#

bqj_pekjo# ej# r]nekqo# _ahh# pulao# ]o# _dkj`nk_upao# [55\-#kopak^h]op# [56\-# aj`kpdahe]h# _ahho# [57\-#

iaoaj_dui]h#opai#_ahho# [58\/#Tdeo#l]npe_qh]nhu# pnqa# bkn# heran# _ahho#kj#sde_d# bh]p#TeO3# behio#

ej_na]oa`# pda# _ahh._ahh# ejpan]_pekjo# pd]p# aj]^ha`# pda# ]nn]jcaiajp# bkn# dal]pk_upao# ej# 4D#

opnq_pqnao# ]bpan# oaran]h# `]uo# sepd# ]# oq^oamqajp# ej_na]oa# ej# dal]pe_# bqj_pekj]hepeao# [36\/#Wa#

pnea`#pk#]rke`#pda#TeO3#]ook_e]pa`#`eo]`r]jp]ca#]o#ldkpk]_perepu#sepd#pda#aieooekj#kb#na]_pera#

ktucaj#ola_eao#qlkj#atlkoqna#pk#hecdp#sepd#_anp]ej#s]rahajcpd#^u#pda#qoa#kb#]iknldkqo#TeO3#

sepd#pda#iejeiqi#ldkpk_]p]hupe_#]_perepu/# # # # #
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# #

III.# Aooao# pda# eil]_p# kb# r]ne]^ha# cakiapne_]h# ]j`# `eiajoekj]h# _qao# ej# oq^opn]pao#

_d]n]_paneope_o# kj# pda# dal]pe_# bqj_pekj]hepeao/# Tdeo# s]o# `kja# ^u# ejraopec]pejc# pda#

atlnaooekj#kb#dal]pe_#lnkpaejo#)e/a/#]h^qiej-#pn]jobannej-#]j`#_upk_dnkia#P.561*/#

IV.# Cd]n]_paneva# pda# opnq_pqn]h# _ahhqh]n# naolkjoa# bkn# _d]jca# ej# pda# cakiapnu# kb#

j]jkopnq_pqnao#)]hecjiajp-#]`daoekjo-#ECM#]ooai^hu*/#

#

+&!FSW^V]KXOY^\!WSWSMUSXQ!86A!ZRb\SMKV!#GYZYQ[KZRb$!KXN!MROWSMKV!#E;7$!M^O\!SX!K!

\SXQVO!\^L\][K]O'! !

Tda# _nepe_]h# nkha# kb# lduoe_]h# ]j`# _daie_]h# _qao# _khha_perahu# ]j`# oal]n]pahu# kj# pda#

dal]pk_ahhqh]n#^ad]rekn#s]o#`apanieja`/# #

I.# Iiik^ehev]pekj# kb# RGD# ]o# ]j# ]`daoera# lalpe`a# kj# pda# oqnb]_a# kb# l]ppanj# ]j`# bh]p#

oq^opn]pao/# #

II.# Er]hq]pekj# kb# dal]pk_ahhqh]n# bqj_pekj]hepeao# pk# `apanieja# pda# eilknp]j_a# kb# # ECM#

_qao#ejpacn]pekj#ej#pda#dal]pe_#lnkpaej#atlnaooekjo/#

III.#Cd]n]_paneva#pda#opnq_pqn]h#_ahhqh]n#naolkjoa#bkn#oejcha0ejpacn]pa #̀_qao#)e/a/#]hecjiajp-#

]`daoekjo-#ECM#]ooai^hu*/#

!

,&4X!KZZVSMK]SYX3!$-"1)0/.!Mb]Y]YaSM!KXKVb\S\!YP!MS\ZVK]SX!^\SXQ!XKXYZK]]O[X!\^L\][K]O\!K\!

K!M^V]^[O!\b\]OW'! !

Fkn# pda# ]_dearaiajp# kb# ikna# oajoepera# BE#LBJHF# `nqc# ]j]huoao<# pda# dal]pk_ahhqh]n#

naolkjoao# pk# ]# _upkpkte_# ]cajp# y_eolh]pej# sana# at]ieja`# sdeha# _ahho# _qhpqna`# kj# oq^opn]pao#

sepd# ]# ik`ebea`# pklkcn]ldu# pd]p# ieie_o# ECM# lduoe_]h# _qao/# Tda# _ahhqh]n# _d]jcao# sana#

_kil]na`#`qa#pk#pda#lnaoaj_a#kb#oq_d#j]jkopn_qpqnao#]bpan#pda#atlkoqna#pk#]#_upkpkte_#]cajp/#

I.#Dapaniej]pekj#kb#_ahh.oq^opn]pqi#ej`q_a`#r]ne]pekjo#]j`#_eolh]pej#_upkpkte_#naolkjoa/#
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II.# Cd]n]_paneva# pda# opnq_pqn]h# _ahhqh]n# naolkjoa# pk# pda# lduoe_]h# _qao# qj`an# ]# _upkpkte_#

lh]pbkni#)e/a/#_dnki]pej#_kj`ajo]pekj-#]hecjiajp-#iknldkhkcu*/#

#

Tda# benop# ]j`# oa_kj`# opn]paceao# sana# eilhaiajpa`# pk# `apanieja# pda# ola_ebe_#lduoe_]h#

]j`# _daie_]h#r]ne]pekjo#aooajpe]h# bkn# pda#lnkikpekjo#kb#dal]pk_ahhqh]n#^ad]rekno# ej#kn`an# pk#

`apanieja# pda# namqena`# p]jce^ha# oqlanbe_e]h# _d]n]_paneope_o# kb# ^eki]pane]h# sepd# oq^oamqajp#

ej_na]oa# ej# dal]pe_# bqj_pekj]hepeao/# Abpan# pd]p-# pda# h]op# opn]pacu# s]o# eilhaiajpa`# pk#

ejraopec]pa#pda#qpehev]pekj#kb#oq_d#oqlanbe_e]h#_d]n]_paneope_o#)Tklkcn]ldu*#bkn#ikna#oajoepera#

BE#LBJHF# `nqc# paopejco/# Tklkcn]lde_]h# ]hpan]pekjo# ej# j]jkopnq_pqnao# ]j`# epo# ejbhqaj_a# kj#

dal]pk_ahhqh]n# opnq_pqnao# ]j`# bqj_pekj]hepeao# ]na# ehhqopn]pa #̀ ej# _d]lpan# 3/# Wdeha# pda#

oeiqhp]jakqohu# _ki^ejejc# lduoe_]h# ]j`# _daie_]h# r]ne]pekjo# ej# ]# oejcha# oq^opn]pa# ]j`# epo#

ejbhqaj_a# kj# dal]pk_ahhqh]n# naolkjoao# sana# at]ieja`# ej# _d]lpan# 4/# Abpan# pd]p# sa# pnea`# pk#

r]he`]pa#kqn#naoqhpo#^u#at]iejejc#oq_d#oq^opn]pa#]o#]#_qhpqna#ouopai#bkn!BE#LBJHF#`nqc#pkte_epu#

]j]huoeo#]o#ehhqopn]pa`#ej#_d]lpan#5/#Fej]hhu#sa#_]j#_kj_hq`a#pd]p#pda#ola_ebe_#na_kcjepekj#]j`#

ieie_#kb#ECM#lduoe_]h# ]j`# _daie_]h# _qao# oal]n]pahu#kn# oeiqhp]jakqohu# _kqh`# nai]ng]^hu#

qoa`# pk# ]pp]ej# pda# ejj]pa# dal]pe_# bqj_pekj]hepeao# BE#LBJHF! ola_ebe_]hhu# bkn# `nqc# ]j]huoeo#

]llhe_]pekjo#]o#ehhqopn]pa`#ej#pda#_kj_hqoekj#nai]ngo/# #

#

! !
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0'!EOPO[OXMO\! !

[2\# V]o]jpd]j# KS-# Sq^n]i]je]j# A-# Kneodj]j# UM-# Sapdqn]i]j# S-# Rkha# kb# ^eki]pane]ho-#

pdan]laqpe_# ikha_qhao# ]j`# _ahho# bkn#dal]pe_# peooqa# ajcejaanejc-#Bekpa_djkh/-#A`r]j_ao/#

3123=#41<#853"863/#

[3\# J]iao#LP-#M]uaqt#PR-#Hejokj# JA-#A_ap]iejkldaj.ej`q_a`# dal]pkpkte_epu-#Dnqc#Map/-#

Dalkoepekj-#3114=#42<#25;;.2617/#

[4\#M]npejav.Hanj]j`av#A-#Aiajp]#PS-#Tda#dal]pe_#at_pn]_ahhqh]n#i]pnet/#I#_kilkjajpo#]j`#

`eopne^qpekj#ej#jkni]h#heran/#Ven_dkso#An_der#A#l]pdkh#Aj]p/-#2;;4=#534<#2.22/#

[5\# Majca# Q-# Tdnaa.`eiajoekj]h# _qhpqna# kb# dal]pk_upao# bkn# lna`e_pekj# kb# `nqc.ej`q_a`#

dal]pkpkte_epu-#Etlanp#Olej#Dnqc#Map]^#Tkte_kh/-#3121=#7<#844.857/#

[6\# Hq^i]_dan# D-# Alpa# SS/# Tda# ^ekhkcu# kb# pda# atpn]_ahhqh]n# i]pnet<# jkrah# ejoecdpo-# Cqnn#

Olej#Rdaqi]pkh/-#3124=#36<#76}81/#

[7\# R]ejao# EW-# Tda# atpn]_ahhqh]n# i]pnet# _]j# nacqh]pa# r]o_qh]n# _ahh# iecn]pekj-# lnkheban]pekj-#

]j`#oqnrer]h<#nah]pekjodelo#pk#r]o_qh]n#`eoa]oa/#Ijp#J#Etl#P]pd/-#3111=#92<284}293/#

[8\# Kei# S.H-#Tqnj^qhh# J-# Gqeikj`# S-# Etpn]_ahhqh]n# i]pnet# ]j`# _ahh# oecj]hhejc<# pda# `uj]ie_#

_kklan]pekj# kb# ejpacnej-# lnkpakchu_]j# ]j`# cnkspd# b]_pkn# na_alpkn/# J# Ej`k_nejkh/-# 3122=#

31;<#24;}262/#

[9\#Wkhb#K-#Fnea`h#P-#Etpn]_ahhqh]n#i]pnet#`apaniej]jpo#kb#lnkpakhupe_#]j`#jkj.lnkpakhupe_#_ahh#

iecn]pekj-#Tnaj`o#Cahh#Bek/-#3122=#32<#847.855#

[;\#W]pp#FM-#Hq_g#WTS-#nkha#kb#atpn]_ahhqh]n#i]pnet#ej#nacqh]pejc#pda#opai#_ahh#b]pa-#N]p#Rar#

Mkh#Bek/-#3124=#25<#578.584/#

[21\#Rkv]nek#T-#DaSeikja#DW-Tda#atpn]_ahhqh]n#i]pnet# ej#`arahkliajp#]j`#iknldkcajaoeo<#

A#`uj]ie_#reas-#Darahkl#Bekh/-#3121-#452<#237"251/#

[22\# Leheajoeag# SJ-# Na]hau# P-# Mqnldu# CJ-# Cd]n]_panev]pekj# kb# Ej`kpdahe]h# B]oaiajp#
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Mai^n]ja# N]jkpklkcn]ldu# ej# Rdaoqo# M]_]mqa# ]o# ]# Gqe`a# bkn# Vaooah# Teooqa#

Ejcejaanejc-#Teooqa#Ejc<#P]np#A/-#311;=#26<#3754.3762/#

[23\# Wahho# RG-# Tda# nkha# kb# i]pnet# opebbjaoo# ej# nacqh]pejc# _ahh# ^ad]rekn-# Hal]pkhkcu-#3119=# #

5<24;5.2511/# #

[24\#G]oeknksoge#JZ-#Mqnldu#CJ-#]j #̀Na]hau#PF/#Beklduoe_]h#Cqao#]j`#Cahh#Bad]rekn<#Tda#

Bec#Iil]_p#kb#Leppha#Tdejco-#Ajj#Rar#Bekia`#Ejc/-#3124=#26=#266.287/#

[25\# Kjkl# E-# B]`an# A-# Bkgan# K-# ap# ]h/# Uhpn]opnq_pqn]h# ]j`# bqj_pekj]h# èbbanajpe]pekj# kb#

dal]pk_upao#qj`an#hkjcpani#_qhpqna#_kj`epekjo-#Aj]p#Ra_/-#2;;6=353<448.5;#

[26\# S_dqapv# JD-# S_dqapv# EG-# Etpn]_ahhqh]n# M]pnet# Racqh]pekj# kb# Mqhpe`nqc# Raoeop]j_a# ej#

Pnei]nu#ikjkh]uan#_qhpqnao#kb#]`qhp#n]p#dal]pk_upao-#_ahh#cnkspd#Debb/-#2;;4=#5<#42.51/#

[27\# Banpde]qia# F-# Mkcda# PV-# Tkjan# M-#Y]niqod# ML-# Ebba_p# kb# atpn]_ahhqh]n# i]pnet#

pklkhkcu# kj# _ahh# opnq_pqna-# bqj_pekj-# ]j`# lduoekhkce_]h# naolkjoerajaoo<# dal]pk_upao#

_qhpqna`#ej#]#o]j`se_d#_kjbecqn]pekj-#FASEB#J/-#2;;7=#21<#2582.2592/#

[28\# Bd]j`]ne# RNB-# Re__]hpkj# LA-# Laseo# AL-# Fnu# JR-# H]iikj`# AH-# Taj`han# SJB-#

Sd]gaodabb#KM-#Leran#Teooqa#Ejcejaanejc<#A#Rkha#bkn#Ck._qhpqna#Suopaio#ej#Mk`ebuejc#

Hal]pk_upa#Fqj_pekj#]j`#Ve]^ehepu-#Teooqa#Ejc/-#3112=#8<#445.468/#

[29\# P]ca# JL-=# Jkdjokj# MC-=# Oho]rogu# KM-# Spnki# SC-# Z]n^h# H-# Oiea_ejoge# CJ-# Gaja#

atlnaooekj# lnkbehejc# kb# atpn]_ahhqh]n# i]pnet# ]o# ]j# abba_pkn# kb# dqi]j# dal]pk_upa#

ldajkpula#ej#lnei]nu#_ahh#_qhpqna-#Tkte_kh#S_e/-#3118=#;8<#495}4;8/#

[2;\#P]h]gg]j#AZ-#R]f#DK-#Rkf]j#J-#S]fej#R]f#RG-#Ajeh#Kqi]n#PR-#Mqn]haa`d]n]j#CV-#]j`#

Kqi]nu# TV-# Er]hq]pekj# kb# Pkhulnkluhaja# Hkhhks.Fe^an# Pnkpkpula# Bekna]_pkn# bkn#

Bek]npebe_e]h#Leran-#Teooqa#Ejc<#P]np#A/-#3124=#2;<#2167.2177/#

[31\#Dren.Gejv^anc#M-#G]iheahe.Bkjodpaej#I-#Ac^]ne]#R-#Ckdaj#S-#Leran#Teooqa#Ejcejaanejc#

sepdej# Ahcej]pa# S_]bbkh`o<# # Ebba_po# kb# Cahh.Saa`ejc# Dajoepu# kj# Hal]pk_upa# Ve]^ehepu-#
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Mknldkhkcu-#]j`#Fqj_pekj-#Teooqa#Ejc<#P]np#A/-#M]u#3114=#;<#868.877/#

[32\# Eh� ej# M-# Detep# V-# Gepje_# G-# Hal]pk_upa# App]_diajp# kj# Bek`acn]`]^ha# Mk`ebea`#

Cdepko]j# Mai^n]jao<# 0E#LBJHF# Er]hq]pekj# bkn# pda# Darahkliajp# kb# Leran# Onc]jke`o-#

Anpebe_e]h#Onc]jo-#2;;9=#33<#948.957/# #

[33\#P]ng#KH-#B]a#YH-#Pdajkpula#kb#dal]pk_upa#oldanke #̀ej#Anc.Ghu.Aol#)RGD*#_kjp]ejejc#

]#Tdanik.Raranoe^ha#atpn]_ahhqh]n#i]pnet-#Beko_e#Bekpa_djkh#Bek_dai/-#3113=#77<#2584"

2589/#

[34\#Iefei]#H-#N]g]v]s]#K-#Mevqikpk#H-#M]poqodep]#T-#Fqj]poq#K/#Fkni]pekj#kb#]#oldane_]h#

iqhpe_ahhqh]n#]ccnac]pa#)oldanke`*#kb#]jei]h#_ahho#ej#pda#lknao#kb#lkhuqnapd]ja#bk]i#]o#]#

_ahh# _qhpqna# oq^opn]pqi# ]j #̀ epo# ]llhe_]pekj# pk# ]# du^ne`# ]npebe_e]h# heran-# J# Beki]pan# S_e#

Pkhu/-#2;;9=#;<#876"89/#

[35\#Hkaoo#A-#Taqo_dan#N-#Tdkni]jj#A-## Aqne_d#H-#Haehi]jj#A-#Cqhper]pekj#kb#dal]pki]#

_ahh# heja#HalG3#kj#j]jklknkqo# ]hqiejqi# kte`a# iai^n]jao-#A_p]#Beki]pan/-# 3118=#4<#

54.61/#

[36\# N]g]v]s]# K-# Laa# S.W-# Fqgq`]# J-# Y]jc# D.H-# Kqjep]ga# T-# Hal]pk_upa# oldanke`#

bkni]pekj#kj#]# pep]jeqi# `ekte`a# cah# oqnb]_a# ]j`# dal]pk_upa# hkjc.pani# _qhpqna-# J#M]pan#

S_e<#M]pan#Ma`/-#3117=#28<#46;.475/#

[37\# V]o]jpd]j# KS-# Sq^n]i]je]j# A-# Kneodj]j# UM-# Sapdqn]i]j# S-# Rkha# kb# ^eki]pane]ho-#

pdan]laqpe_#ikha_qhao#]j`#_ahho#bkn#dal]pe_#peooqa#ajcejaanejc-#Bekpa_djkh#A`r/-#3123=#41<#

853"863#

[38\#Papnkjeo#S-#E_ganh#K.L-#Gkh`#J-#Wejpani]jpah#E-#ie_nkopnq_pqnejc#_an]ie_#o_]bbkh`o# bkn#

dal]pk_upao#_ahh#_qhpqnao-#J#M]pan#S_e<#M]pan#Ma`/-#3112=#23<#634.639/#

[39\# M]j`ao# PM-# _ahhqh]n# j]jkpa_djkhkcu# ieie_gejc# ^ekhkce_]h# ejpanb]_ao# ]j`# oi]npan-#

Cdai#Sk_#Rar/-#3124=#53<#;318.;329/#
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[3;\# K]ed]n]# S-#Bknajopaej# J-#Kkg]# R-#L]h]j# S-#O_dk]# ER-#R]rajo# M-#Peaj# H-#Cqjjejcd]i#

B-#V]_]jpe#JP-#Sehe_kj#ie_nki]_dejejc#pk#peooqa#ajcejaan#^n]j_da`#r]o_qh]n#_d]jjaho#bkn#

heran#b]^ne_]pekj-#Teooqa#Ejc/-#3111=#7<216.28/#

[41\# R]jq__e# CS-# Mkcda# PV-# Pkhuian# Sq^opn]pa# Tklkcn]ldu# A_perahu# Racqh]pao# pda#

Mqhpe_ahhqh]n#Onc]jev]pekj#]j`#Leran.Sla_ebe_#Fqj_pekjo#kb#Cqhpqna`#Hal]pk_upao-#Teooqa#

Ejc/-#2;;;=#6<#518.531/##

[42\#To]e#W.B-#Lej#J.H-#Mk`qh]pekj#kb#iknldkhkcu#]j`#bqj_pekjo#kb#dqi]j#dal]pk^h]opki]#

_ahho#^u#j]jk.cnkkra`#oq^opn]p]-#A_p]#Beki]pan/-#311;=#6<#2553.2565/#

[43\# Becco# MJP-# Rep_d]n`# RG-# D]h^u# MJ-# N]jkpklkcn]lde_]h# ik`ebe_]pekj<# ]# nacqh]pkn# kb#

_ahhqh]n# bqj_pekj# pdnkqcd# bk_]h# ]`daoekjo-#N]jkia`<#N]jkpa_djkh#Bekh#Ma`/-# 3121=#7<#

72;.744#

# [44\#O^]n]#M-#K]jc#MS-#Y]i]`]#KM-#Sepa.`ena_pa`#iqp]cajaoeo#kb#pda#_ahh#^ej`ejc#`ki]ej#

kb# dqi]j# be^nkja_pej# oal]n]^ha# oujanceope_# oepao# ia`e]pa# ]`daoera# bqj_pekj-# Cahh/# 2;99=#

66<#75;.768/#

[45\#B]npkhk#LD-#Mknahhe#S-#Lklav#LC-#Geknjk#L-#C]il]j]#C-#S]hanjk#S-#Raj`a#M-#F]re]#P-#

Dapki]ok#L-# Gneopej]# R-# `#Ackopejk# R-#Dnekhe# E-Bekpn]jobkni]pekj# ]j`# heran.ola_ebe_#

bqj_pekjo# kb# dqi]j# dal]pk_upao# ej# _qhpqna# kj# RGD.eiik^eheva`# lh]oi].lnk_aooa`#

iai^n]jao/#Beki]pane]ho-#3116=#37<#5543.5552/# # #

[46\#Dq#Y-#Cde]#S.M-#H]j#R-#Cd]jc#S-#T]jc#H-#Yq#H-#4D#dal]pk_upa#ikjkh]uan#kj#du^ne`#

RGD0c]h]_pkoa#oq^opn]pqi-#Beki]pane]ho-#3117=#38<#677;.6791/#

[47\ Bd]`nen]f# K-# H]joaj# LK-# Hal]pk_upa# ]`daoekj-# cnkspd# ]j`# `e$anajpe]pa`# bqj_pekj# kj#

RGD._kjp]ejejc#lnkpaejo-#Beki]pane]ho-#3111=#32<#378.383/#

[48\# Odp]je# O-# Tdnaa.`eiajoekj]h# knc]jev]pekj# kb# pda# _khh]caj# be^nehh]n# bn]iaskng# kb# pda#

dqi]j#]j`#n]p#herano-#An_d#Heopkh#Cupkh/-#2;99=#62<#584}599/#
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[49\# Cknau# JM-# Bnqjappa# AL-# Cdaj# MS-# Waudajiauan# JA-# Bnasan# GJ-# Wdaahan# BC/#

Debbanajpe]pa`#B215#jaqnk^h]opki]# _ahho#]na#]#decd#naokhqpekj#]oo]u# bkn#ie_nkl]ppanja`#

oq^opn]pao-#J#Naqnko_e#Mapdk`o-#2;;8=86<;2.;8/#

[4;\#S/#R/#Skqo]#SR-#Mkn]`]o.Fannaen]#P-S]n]i]ck#B-#Veoaq#Mahk#L-#B]n^ko]#MA-#Hqi]j#

Sanqi# Ah^qiej# A`oknlpekj# kj# TeO3# bnki# Sejcha# Pnkpaej# Skhqpekjo# ]j`# bnki# Ph]oi]-#

L]jciqen-#3115=#31<#;856.;865/#

[51\#Zd]k#L-#Cd]jc#J-#Zd]e#W-#Pnal]n]pekj#]j`#HL.8813#_ahh#bqj_pekj]hepu#kb#pep]je]0_depko]j#

_kilkoepa#o_]bbkh`o-#J#M]pan#S_e<#M]pan#Ma`/-#311;=#31<#;5;};68#

[52\# Hu`a# GK-# Spas]np# SM-# S_]na# G-#P]nokjo# GN-#Sded# C.C-#Sded# C.M-# Lej# S.J-#Sq# Y.Y-#

Mkjpaenk.Rereana# NA-# N]n]u]j# RJ-# Apkie_# h]uan# `alkoepekj# kb# pep]jeqi# `ekte`a# kj#

_ahhqhkoa#]_ap]pa#bkn#ajd]j_a`#daikop]oeo-#Bekpa_djkh#J/-#3122=#7<#324"334/#

[53\# Zd]jc# S-# Sqj# J-# Xq# Y-# Qe]j# S-# W]jc# B-# Leq# F-# Leq# X-# Bekhkce_]h# Bad]rekn# kb#

Oopak^h]op.hega# Cahho# kj# Tep]je]# ]j`# Zen_kje]# Fehio# Dalkoepa`# ^u# C]pdk`e_# An_#

Dalkoepekj/#Bekejpanld]oao-#3123=#8<2.21#

# [54\#T]j#AW-#Pejccq]j.Mqnldu#B-#Adi]`#R-#Ag^]n#SA-#A`r]j_ao# ej# b]^ne_]pekj#kb#TeO3#

j]jkbe^an0j]jksena# ]nn]uo# pks]n`# pda# _ahhqh]n# naolkjoa# ej# ^ekia`e_]h# eilh]jp]pekjo<# ]#

nareas-#J#M]pan#S_e/-#3124=#59<9448}9464#

[55\#Bqnjo#K-#Y]k#C-#Wa^opan#TJ-# Ij_na]oa`#_dkj`nk_upa#]`daoekj#kj#j]jkpq^qh]n#]jk`eva`#

pep]jeqi-#J#Bekia`#M]pan#Rao#P]np#A/-#311;=#99<672.679/#

[56\# Od# S-# D]n]ek# C-# Cdaj# LH-# Peo]je_# TR-# Fejkjao# RR-# Jej# S-# Secjebe_]jphu# ]__ahan]pa`#

kopak^h]op# _ahh# cnkspd# kj# ]hecja`# TeO3#j]jkpq^ao-# J# Bekia`# M]pan# Rao# A/-# 3117=#

89<;8.214/#

#

#
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[57\#Mkd]j#GC-#Snaanagd]#PR-#Deru]n]je#VV-#N]en#S-#Cdajj]vde#K-#Majkj#D-#Ijbhqaj_a#kb#

pep]je]#j]jkpklkcn]ldu#kj#dqi]j#r]o_qh]n#_ahh#bqj_pekj]hepu#]j`#epo#lnkheban]pekj#BE#LBJHF-#

J/#M]pan/#Cdai/-#3123-#33-#2437.2451/#

[58\# Ykq# M.H-# Ks]g# MK-# Kei# D.H-# Kei# K-# Lar_dajgk# A-# Kei# D.W-# Sqd# K.Y-#

Sujanceope_]hhu# Ejd]j_a`# Oopakcaje_# Debbanajpe]pekj# kb# Hqi]j# Maoaj_dui]h# Spai#

Cahho# ^u# Cqhpqna# kj# N]jkopnq_pqna`# Sqnb]_ao# sepd# Ij`q_pekj# Ma`e]-#

Beki]_nkikha_qhao-#3121=#22<#2967.2973/#

# #
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6RKZ]O[!+!

!

M]jelqh]pekj#kb#lduoe_]h#_d]n]_paneope_o#kb#j]jkopn_qpqnao#pd]p#ieie_#pda#

ECM#lduoe_]h#_qa#pk#_kjpnkh#dal]pk_ahhqh]n#naolkjoao/#

*'!F^WWK[b!

Tda# nkha# kb# ^ek.ejolena`# oqlanbe_e]h# pklkcn]ldu# kj# pda# _ahhqh]n# ^ad]rekn# kb# ]#

dal]pk_upa# _ahh# heja# s]o# ejraopec]pa /̀# N]jkl]ppanjo# sepd# `eranoebea`# od]lao#

)j]jkcn]pejco0j]jkna_p]jchao*# ]j`# dapankpnkle_# h]pan]h# `eiajoekjo# sana# b]^ne_]pa`# qoejc#

aha_pnkj# ^a]i# hepdkcn]ldu# ]j`# ]pkie_# h]uan# `alkoepekj/# Tdaoa# pklkcn]lde_]h# j]jk_qao#

naoqhpa #̀ej#pda#_kjpnkh#]j`#nacqh]pekj#kb#iqhpelha#dal]pk_ahhqh]n#bqj_pekjo/#Tsahra#dkqno#]bpan#

_ahh# _qhpqnejc-#j]jkcn]pejco#sepd#]# h]pan]h#`eiajoekj#kb#351#ji#odksa`#]#decdan#`acnaa#kb#

bqj_pekj]h# lnkpaej# atlnaooekj# _kil]na`# pk# kpdan# j]jkpklkcn]lde_]h# oq^opn]pao# ]j`# ]# bh]p#

oqnb]_a/# Tdaoa# bej`ejco# oqccaop# pd]p# pda# j]jkcn]pejco# sde_d# naoai^ha# ]# dean]n_de_]hhu#

atpaj`a`#_khh]caj#j]jkbe^nehh]no#_kqh`#^a#na_kcjeva`#^u#dal]pe_#_ahh#heja#pd]p#skqh`#naoqhpa`#

ej# ieie_gejc# pda# ej.rerk# _upkogahap]h# kneajp]pekj# ]j`# _ahhqh]n# ejpacnepu/# Tdanabkna-#

j]jkl]ppanj#sepd# ]# ola_ebe_# od]la# ]j`#`eiajoekj# );1ji# cn]pejco-# 261ji# ejpanol]_a*# iecdp#

aiqh]pa# _khh]caj# be^neho# kn# pda# ejpnejoe_# pklkcn]ldu# kb# ECM# pk# ajd]j_a #̀ _ahhqh]n#

bqj_pekj]hepeao#Tdaoa# qjemqa# oqnb]_ao# _kqh`#^a# bqnpdan# atlhkepa`# bkn# peooqa# ajcejaanejc#]j`#

^ekna]_pkn#pa_djkhkcu/#

#

9SQ^[O! +&*<#Sdkso# pda# ejpan]_pekj#^apsaaj# r]nekqo# j]jkl]ppanjo# pd]p#ieie_# kb#ECM#

_qao#]j`#pda#naoqhpa`#]hpan]pekj#ej#pda#dal]pk_ahhqh]n#bqj_pekj#{Ah^qiej#oa_napekj/#
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+'!5KMUQ[Y^XN!

Tda# ejpan]_pekj# ^apsaaj# dqi]j# _ahho# ]j`# ^eki]pane]ho# d]o# ^aaj# ]j# ejpajoa# ]na]# kb#

opq`u# ej# pda# h]op# oaran]h# `a_]`ao# aola_e]hhu# sdaj# pdaoa# _ahhqh]n# ejpan]_pekjo# ]na# _ahh.# ]j`#

i]pane]h# ola_ebe_# oej_a# pdau# ]na# ]bba_pa`# ^u# pda# _d]n]_paneope_o# kb# i]pane]ho# ]o# pklkcn]ldu-#

opebbjaoo-# oqnb]_a# _daieopnu/# Tdaoa# opq`eao# d]ra# lnkre`a`# lnkieoejc# ]llnk]_dao# bkn# pda#

lnk`q_pekj# jkrah# ^eki]pane]ho# sepd# ajd]j_a`# _ahh# ejpacn]pekj# lnklanpeao-# [2.4\# ]j`# d]ra#

l]npe_el]pa`#ej#pda#lnk`q_pekj#kb#i]pane]ho#sepd#eilh]jp]^ha#]j`#^ek]npebe_e]h#_d]n]_paneope_o#]p#

^kpd#pda#naoa]n_d#]j`#_heje_]h#harah/# #

Lerejc# _ahho# ej# pdaen# j]pera# ajrenkjiajp# ]na# ai^a``a`# ej# _kilhat-# sahh.`abeja`#

knc]je_#i]pne_ao#pd]p#ej_knlkn]pa#i]_nkikha_qhao#pk#lnkre`a#pda#atpn]_ahhqh]n#i]pnet#)ECM*/#

Tda# ECM# eo# ]ooai^ha`# ejpk# pdnaa.`eiajoekj]h# iaodskngo# _kjp]ejejc# lna_eoahu# _kjpkqna`#

j]jkopnq_pqnao/# Tda# ]n_depa_pqna# kb# pda# ECM# lkooaooao# pda# aooajpe]h# lduoe_]h# _qao# ]j`#

^ek_daie_]h# b]_pkno# pd]p# pneccan# ]j`# _kjpnkh# ola_ebe_# na]_pekjo# ]j`# _ahhqh]n# # ^ad]rekno# [5\/#

Ckhh]caj# eo#kja# kb# pda#ECM#ikha_qhao/# Ip# eo# ]# be^nkqo#lnkpaej# ]llnktei]pahu#411#ji# hkjc#

]j`# 2/6# ji# se`a# sepd# ]# pnelha# dahe_]h# opnq_pqna# [6\/# Tdaoa# dahe_ao# ]na# ]ooai^ha`# ejpk#

j]jkbe^nehh]n#japskngo#pd]p#dean]n_de_]hhu#atpaj`#bkn#pajo#kb#ie_nkiapano#ej#hajcpd#]j`#d]ra#

`e]iapano#kb#^apsaaj#41#]j`#521#ji#[7\/#Ip#eo#^aheara`#pd]p#pda#ie_nk0j]jk.patpqnejc#ba]pqnao#

kb#ECM#lnkre`a# pda# ia_d]jkpn]jo`q_pera# _qao# pd]p# `aalhu# ejbhqaj_a# _ahh# iknldkhkcu# [8\-#

iecn]pekj# [9\-# lnkheban]pekj# [;\-# ]j`# _upkogahapkj# knc]jev]pekj# [21\/# Ckjoamqajphu-#

i]jelqh]pekj# kb# ^eki]pane]h# oqlanbe_e]h# patpqnejc# ]j`# pklkcn]lde_]h# ba]pqnao# ^u# pda# dqca#

]`r]j_aiajp# ej# j]jkb]^ne_]pekj# pa_djemqao# skqh`# naoqhp# ]j# ]hpan]pekj# ej# pda# _ahhqh]n#

bqj_pekjo# ^u# ejbhqaj_ejc# pda# lduoe_]h# _qao# pd]p# pneccan# r]nekqo# ^ekhkce_]h# naolkjoao# [22\/#

Eha_pnkj#^a]i# hepdkcn]ldu# )EBL*# eo#kja# kb# se`ahu# qoa`# pa_djemqa# bkn# b]^ne_]pekj# kb# oi]hh#

j]jkopnq_pqnao# pd]p# _hkoahu# ieie_# pda# j]pera# ECM# ]n_depa_pqnao# ^u# o_qhlpejc# r]nekqo#
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j]jkopnq_pqnao# sepd# `eranoebea`# j]jk.iapan# `eiajoekjo# ]j`# cakiapneao# pk# k^p]ej# l]ppanjo#

sepd#ola_ebe_#ECM#pklkcn]lde_]h#_d]n]_paneope_o#[23\/#

Leran# _ahho# jaa`#]#`eopej_pera#j]pqn]h# ajrenkjiajp# pk#i]ejp]ej# decd# haraho#kb# _ahhqh]n#

bqj_pekj/# Tda# _ahhqh]n# bqj_pekj# kb# dal]pe_# _ahh# hejao# qoq]hhu# `a_na]oao# sdaj# _qhpqna`# kj#

psk.`eiajoekj]h# _ahh# _qhpqna# oqnb]_ao/# Tdqo-# pda# ieie_gejc# kb# j]pera# ECM# lduoe_]h# ]j`#

_daie_]h# _qao# pk# oeiqh]pa# pda# BE#LBLF# _ahhqh]n# ]n_depa_pqna# )]rke`# bh]p# ]n_depa_pqna# sepd#4D#

_q^e_# _kjbecqn]pekj*# ]j`# i]ejp]ej# ejj]pa# _ahhqh]n# bqj_pekj# eo# kja# kb# oqccaopa`# na]okjo# pk#

kran_kia#pdaen#hksana`#bqj_pekj]hepeao/#Saran]h#pa_djemqao#d]ra#^aaj#`aoecja`#pk#ieie_#pda#

ejj]pa# ECM# kb# heran# _ahho-# oq_d# ]o# pda# qoa# kb# _k._qhpqna# ouopaio# [24\-# lkhuiano# [25\-#

na_ki^ej]jp# lnkpaejo# [26\# ]j`# ejknc]je_# i]pane]ho# [27\/# Ij# l]npe_qh]n-# pda#`alkoepekj# kb# ]j#

qhpn]pdej# h]uan# kb# ejknc]je_# i]pane]h# oq_d# ]o# ]iknldkqo# pep]jeqi# kte`a# sde_d# naoqhpo# ]j#

ej_na]oa#ej#pda#dal]pe_#_ahh._ahh#ejpan]_pekjo#sepd#ej_na]oa`#atlnaooekj#kb#bqj_pekj]h#lnkpaejo#

]o# ]h^qiej# [28\/# TeO3# pdej# behio# d]ra# pda# ]`r]jp]ca# kb# _kjpnkhh]^ha# pde_gjaoo-# ]o# sahh# ]o#

b]_eha# oqnb]_a# ik`ahhejc# ^u# pda# oeilha# ej_knlkn]pekj# kb# `ebbanajp# knc]je_# ikeapeao# ejpk# pda#

`alkoepa`# ejknc]je_# behi/# Fqnpdanikna-# ik`ebe_]pekj# kn# i]jelqh]pekj# kb# pda# oqnb]_a#

_d]n]_paneope_o#]j`#pklkcn]lde_]h# ba]pqnao#kb#TeO3#^]oa`#j]jki]pane]ho#d]ra#^aaj#odksj#pk#

_d]jca#pda#^ekhkce_]h#^ad]rekn#kb#r]nekqo#_ahho#BE#LBLF#]j`#BE#LBJHF![29-#2;\/#

#

9SQ^[O! +&+<# S_dai]pe_# `ale_po# pda# naoai^h]j_a#^apsaaj# pda# ejpan]_pekjo# kb# Hqi]j#

_ahho#sepd#)]*#j]pqn]h#ECM#_kilkjajp#_khh]caj#sepd#epo#opne]pa`#]lla]n]j_ao-#]j #̀)^*#

j]jkl]ppanjo/#
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Mkop#lnarekqo# naoa]n_d# d]o# bk_qoa`# kj# pda# ]jeokpnkle_# j]jkpklkcn]ldu# sepd# amq]hhu#

ol]_a`#`eiajoekjo-#sepdkqp#_kjoe`anejc#pda#eil]_p#kb#qjamq]h#]hpan]pekjo!ej#pda#`eiajoekj]h#

i]cjepq`a# kb# pklkcn]lde_]h# ba]pqnao# kj# _ahhqh]n# bqj_pekjo# [31.33\/# Wdeha# ]# ranu# bas#

naoa]n_dao#bk_qoa`#kj#pda#qjamq]h#]hpan]pekjo#ej#j]jkopnq_pqnao#oevao#]j`#ejpanol]_ao#^apsaaj#

pdai#araj#pdkqcd#pda#dapankpnkle_#r]ne]pekjo#ej#oeva#]j`#ejpanol]_a#d]ra#lnarekqohu#nalknpa`#

pk#ej`q_a#^appan#a]nhu#^kja#naolkjoa# BE#LBLF#_kil]na`#pk#]jeokpnkle_#`eiajoekj#kb#pda#o]ia#

pkp]h#`eiajoekj#[34\/#Tdaoa#dapankpnkle_#r]ne]pekjo#_kqh`#]hpan# ejpancnej#_hqopanejc-#]`daoekj#

]j`# oq^oamqajp# _ahh.oq^opn]pqi# ejpan]_pekjo# ^u# pda# na]hev]pekj# kb# pda# r]nekqo# ejpacnejo#

^ej`ejc#oepao#ej#^apsaaj#j]jkba]pqnao/#Fqnpdanikna-#pda#oecjebe_]j_a#kb#`ebbanajp#od]lao#]j`#

ik`aho# kb# j]jkpklkcn]lde_]h# ba]pqnao# ^]oa`# qlkj# pdaen# ]^ehepeao# pk# ej`q_a# ]# _d]jca# ej# pda#

_ahhqh]n# iknldkhkcu-# ]hecjiajp-# ]j`# ejpacnejo# ia`e]pa`# ]`daoekj# sepd# ]# bqnpdan# arkga# kb#

^ek_daie_]h# oecj]hhejc# l]pds]uo# ]j`# bqj_pekj]hepeao/# Wa# ejraopec]pa`# pda# i]jelqh]pekj# kb#

j]jkopnq_pqnao#cakiapnu#]j`#ejpanol]_a#oeva#kb#j]jkl]ppanjo#ej#j]jk#]j`#oq^ie_nkj#o_]ha#ej#

kn`an# pk# ieie_# pda# `eiajoekj]h# ]j`# cakiapne_]h# _d]n]_paneope_o# kb# pda# be^neh# opnq_pqna# kb#

_khh]caj/# Tdeo# i]jelqh]pekj# s]o# lanbknia`# qoejc# aha_pnkj# ^a]i# hepdkcn]ldu# ]j`# ]pkie_#

h]uan#`alkoepekj/#Tda#`e]iapan#kb#pda#j]jkopnq_pqnao#]j`#ejpanol]_ao#sana#_dkoaj#pk#naoai^ha#

pda#`eiajoekjo# kb#dean]n_de_]hhu# atpaj`a`# _khh]caj#j]jkbe^an#japskngo/#Tda# iknldkhkce_]h#

]j`# bqj_pekj]h# _d]jcao# ej# pda# dal]pk_upao# ej`q_a`# ^u# pda# èranoebea`# j]jkba]pqnao# sana#

ejraopec]pa`=# bkn# at]ilha-# pda# ]hecjiajp# ]j`# oa_napekj# kb# `ebbanajp# bqj_pekj]h# lnkpaejo# s]o#

k^oanra`# qoejc# bhqknao_ajp# eiiqjkop]ejejc# pa_djemqao/# Oqn# ck]h# s]o# pk#^appan# qj`anop]j`#

oqlanbe_e]h# _d]n]_paneope_o# oq_d#]o# pda# klpeiqi# oeva# ]j`#cakiapnu# kb# p]jce^ha#j]jk_qao/# Ij#

kn`an# pk# `arahkl# ]# ik`ah# pd]p# ieie_o# pda# qjemqa# ba]pqnao# kb# ECM/# Ckjoamqajphu-# sa#

ejraopec]pa#pda#bqj_pekj]h#lanbkni]j_a#kb#]#heran#_ahh#heja#_qhpqna`#ej#r]nekqo#ik`aho# BE#LBJHF#

^u#k^oanrejc#pda#atlnaooekj#kb#r]nekqo#dal]pe_#bqj_pekj]h#lnkpaejo/#Tdaoa#_ahh#_qhpqna#ik`aho#
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_kqh`#^a#bqnpdan#atlhkepa`#ej#bqpqna#naoa]n_d#]j`#_heje_]h#opq`eao/#

#

,'!EO\^V]\!

Ij# pdeo# opq`u# sa# ejraopec]pa`# pda# b]^ne_]pekj# kb# r]nekqo# j]jkl]ppanj# oq^opn]pao# sepd#

ola_ebe_# `eiajoekj]h# ]j`# cakiapne_]h# _d]n]_paneope_o# pk# opeiqh]pa# ola_ebe_# dal]pk_ahhqh]n#

bqj_pekjo/#Tdaoa#b]^ne_]pa`#_kjopnq_po#ieie_#pda#j]pera#ajrenkjiajp#]nkqj`#_ahho/# #

GKLVO!+&*<#V]nekqo#4D#becqnao#bnki#AFM#]j]huoeo#kb#b]^ne_]pa`#`eiajoekjo#]j`#od]lao#kb#

TeO3#_k]pa`#j]jkopnq_pqnao#)X*#?#231-#;1#ji-#)Y*#?#261-#271-#331-#431#ji/!

#

#

,'*'!6RK[KM]O[ScK]SYX!YP!PKL[SMK]ON!XKXYZK]]O[X\!

Tda# od]la-# `eiajoekjo# ]j`# pklkcn]lde_]h# r]ne]pekj# kb# pda# b]^ne_]pa`# j]jkl]ppanja`#

oq^opn]pao# sana# _d]n]_paneva`# qoejc# AFM# ]j`# SEM# )T]^ha# 3.2-# Fecqna# 3.4*# Tda# AFM#
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]j]huoeo#odks#qjebkni#`eiajoekj]h#ol]_ejc#)ej#j]jkiapano*#]j`# od]la#`erancaj_a#^apsaaj#

pda#r]nekqo#TeO3#_k]pa`#cn]pejco#oeva#]o#sahh#]o#j]jkna_p]jchao#)T]^ha#3.2*/#

Fkn#at]ilha-#SEM#]j]huoeo#kb#pda#j]jkl]ppanjo#sepd#`eiajoekj<#;1#ji#se`a#]j`#261#

ji#]l]np# )Fecqna#3.4*-#a]_d#na_p]jcha#kn#cn]pejco#d]ra# pda#se`pd#kb#;1#ji#]j`#eo# oal]n]pa`#

bnki# epo# jaecd^kqno# ^u# 261# ji# )Fecqna# 3.4*/# Tdqo-# opnq_pqn]h# qjebkniepu-# od]la# ]j`#

`eiajoekj]h#_kjoeopaj_u#sana#_kjbenia`#^u#pdaoa#]j]huoao/#

#

9SQ^[O! +&,<# SEM# kb# pda# j]jkl]ppanj# )pkp]h# `eiajoekj# 351ji*# j]jkcn]pejco# )]*# ]j`#

j]jkna_p]jchao#)^*#oq^opn]pao/#

,'+'!=XPV^OXMO!YX!P^XM]SYXKV!Z[Y]OSX!OaZ[O\\SYX! !

Tda# j]pqn]h# ECM# ]nkqj`# dal]pk_upao# ejdanajphu# opeiqh]pao# pda# atlnaooekj# kb#

bqj_pekj]h# lnkpaejo# oq_d# ]o# ]h^qiej-# pn]jobannej-# ]j`# _upk_dnkia# P.561/# Tdanabkna-# pk#

at]ieja#pda#abba_p#kb#r]ne]pekjo#ej#j]jkl]ppanj#pklkcn]ldu#kj#pda#^ad]rekno#kb#HalG3#_ahho-#

]j`# pk# e`ajpebu# sde_d# j]jk.ba]pqnao# _hkoahu# ieie_# pda# j]pqn]h# ECM# ]j`# _kjpnkh# pda# _ahh#

^ad]rekn-#sa#k^oanra`#pda#_d]jca#ej# pda# atlnaooekj# harah#kb# pdaoa# bqj_pekj]h#lnkpaejo#qoejc#

bhqknao_aj_a#eiiqjkop]ejejc#pa_djemqao/# #

#

($'$&$!+CJ>H9JBFE!BE!9C;KDBE!>MGH>IIBFE!

Fhqknao_aj_a# eiiqjkop]ejejc# kb# ]h^qiej# s]o# lanbknia`# 23# dno# ]bpan# _qhpqejc# pda#

HalG3#kj#r]nekqo#j]jkl]ppanj#oq^opn]pao-#bkhhksa`#^u#pda#k^oanr]pekj#kb#cnaaj#bhqknao_aj_a#

qoejc#]#bhqknao_aj_a#ie_nko_kla#)Fecqna#3.5*/#Sd]la#ik`qh]pekj#]j`#`eiajoekj]h#]hpan]pekj#
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kb# pda# j]jkopnq_pqnaoz# pklkcn]ldu# ^u# pda# atl]joekj# ]j`# na`q_pekj# kb# pda# `eop]j_a# ^apsaaj#

`ebbanajp# oevao# kb# j]jkcn]pejco# oecjebe_]jphu# ejbhqaj_a`# pda# atlnaooekj# kb# ]h^qiej# )cnaaj#

bhqknao_aj_a*/#Gn]pejco#l]ppanjo#sepd#`eiajoekjo#^apsaaj#351#]j`#391#ji#)Fecqna#3.5<#A.B*#

]j`# j]jkna_p]jchao# sepd# 351ji# pkp]h# `eiajoekj# )Fecqna# 3.5E*# atde^epa`# decdan# ]h^qiej#

atlnaooekj# nah]pera# pk# HalG3# _ahho# cnksj# kj# bh]p# oqnb]_ao# )Fecqna# 3.5F*/# Ij# l]npe_qh]n-#

HalG3#_ahho# _qhpqna`#kj#]#351#ji#j]jkl]ppanj#)Fecqna#3.5A*#odksa`#]#cna]pan# ej_na]oa# ej#

]h^qiej#atlnaooekj#_kil]na`#pk#_ahho#_qhpqna`#kj#kpdan#j]jkcn]pejc#oq^opn]pao#sepd#`ebbanajp#

`eiajoekjo/# A# oecjebe_]jp# `a_na]oa# ej# pda# atlnaooekj# kb# ]h^qiej# s]o# k^oanra`# qlkj#

]hpan]pekj# kb# cakiapnu# )na_p]jchao# ejopa]`# kb# _kjpejqkqo# hejao*# sepd# pda# o]ia# `eiajoekjo#

)Fecqna#3.5<#A-#E*/# !

A#mq]jpep]pera#_kil]neokj#kb#]h^qiej#atlnaooekj#eo#lnaoajpa`#ej#Fecqna#3.6-#ej#sde_d#

pda# _]h_qh]pa #̀ bhqknao_aj_a# ejpajoepeao# k^p]eja`# bnki# HalG3# _ahho# _qhpqna`# kj# j]jkl]ppanj#

oq^opn]pao# sana# op]peope_]hhu# _kil]na`# pk# pda# bhqknao_aj_a# k^oanra`# bnki# _ahho# _qhpqna`# kj#

bh]p#oqnb]_ao/#Cahho#_qhpqna`#kj#j]jkcn]pejc#od]lao#odksa`#]#oecjebe_]jp#ej_na]oa#ej#]h^qiej#

atlnaooekj#nah]pera#pk#pda#_kjpnkh#)G#>#1/16*#]o#bkhhks<#pkp]h#`eiajoekjo#kb#^apsaaj#351# ji#

)7#bkh`# ej_na]oa# _kil]na`#pk#_kjpnkh*#]j`#391#ji#)#ikna# pd]j#5# bkh`# ej_na]oa# _kil]na`#pk#

_kjpnkh*# sdeha# j]jkna_p]jchao# odksa`# 4# bkh`# ej_na]oa# _kil]na`# pk# _kjpnkh/# Ckjpejqkqo#

j]jkcn]pejco#sepd#]#`eiajoekj#kb#351#ji#oecjebe_]jphu#opeiqh]pa`#pda#atlnaooekj#kb#]h^qiej#

_kil]na`#pk#kpdan#j]jkcn]pejco#sepd#r]nekqo#`eiajoekj]h#ol]_ejco-#]j`#pda#kpdan#od]la#sepd#

pda#o]ia#`eiajoekj]h#ol]_ejc#)G#>#1/16*#)Fecqna#3.6*/#Tdqo-# pda#naoqhpo#oqccaop#pd]p#pda#351#

ji# j]jkl]ppanj# sepd# ]# _kjpejqkqo# heja]n# od]la# _hkoahu# ieie_o# pda# j]pqn]h# ajrenkjiajp#

aooajpe]h#bkn#pda#atlnaooekj#kb#]h^qiej#^u#HalG3#_ahho/# #
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!

9SQ^[O!+&-<#Iiiqjkbhqknao_ajp#op]ejejc#kb#]h^qiej-#]#dal]pe_#bqj_pekj]h#lnkpaej#)cnaaj#

at_ep]pekj#$# ?# 599# ji*]j`# jq_haqo# qoejc# Hka_daop# )^hqa*# ej# HalG3# _ahho# _qhpqna`# kj#

`ebbanajp#pklkcn]lde_]h#j]jkl]ppanj/#Tda#pkp]h#`eiajoekjo#kb#pda#cn]pejc#od]la<#)A*#?#351#

ji-# )B*#?#391#ji-# )C*#?#421# ji-# )D*#?#521# ji-# ]j`# )E*#j]jkna_p]jchao#sepd# ]# pkp]h#

`eiajoekj#kb#351#ji-#bej]hhu#)F*#_kjpnkh#kn#bh]p#oqnb]_a/#)S_]ha#^]n?61qi*/#

6"&39&).4#><2(' +&-%&

?4@

?A@

?!@

?B@

?*@

?C@
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#

9SQ^[O!+&.<#Rah]pera#ia]j#bhqknao_aj_a#ejpajoepeao#_]h_qh]pa`#qoejc#ei]ca#J#bkn#HalG3#

_qhpqna`#ej#`ebbanajp#j]jkl]ppanj#oqnb]_ao#]j`#bh]p#oq^opn]pao/#

!

($'$'$!+CJ>H9JBFE!BE!JH9EI?>HHBE!>MGH>IIBFE!

Tda# atlnaooekj# kb# pda# bqj_pekj]h# lnkpaej# pn]jobannej# s]o# `apanieja`# bnki# cnaaj#

bhqknao_aj_a#ej#pda#_ahho#qoejc#]j#eiiqjkop]ejejc#pa_djemqa/#Fecqna#3.7#odkso#bhqknao_aj_a#

ei]cao#kb# pda#bknia`#pn]jobannej#qlkj#_qhpqnejc#kb#HalG3#kj#r]nekqo#j]jkl]ppanjo#]j`# bh]p#

oqnb]_ao/# 351# ji# heja]n# j]jkcn]pejco# oq^opn]pa# lnkilpa`# pda# atlnaooekj# kb# pn]jobannej#

_kil]na`# pk# kpdan# bh]p# oqnb]_ao# ]j`# kpdan# j]jkl]ppanjo)Fecqna# 3.7A*/# Tda# ejpanieppajp#

na_p]jcha#l]ppanj#naoqhpa`#ej#kjhu#]#ohecdp#ej_na]oa#ej#pda#atlnaooekj#kb#pn]jobannej#_kil]na`#

pk#pda#_kjpnkh#)Fecqna#3.7E-#F*/#Lks#pn]jobannej#atlnaooekj#s]o#]hok#k^oanra #̀ej#HalG3#_ahho#

_qhpqna`# kj# j]jkcn]pejco# sepd# `ebbanajp# sej`an# ejpanol]_ejc# ^apsaaj# pdaoa# j]jkopnq_pqnao#

)Fecqna# 3.7<# B.D*/# Tdaoa# naoqhpo# oqccaop# pd]p# pda# harah# kb# pn]jobannej# eo# ik`qh]pa`# ^u# pda#

oeiqh]pekj#kb#j]pqn]h#ECM#_qao#ej`q_a`#^u#351#ji#j]jkcn]pejco#kjhu-#]j`#pd]p#kpdan#oeva#kb#

j]jkba]pqnao# `a_na]oa# pda# harah# kb# pn]jobannej# atlnaooekj/# A# mq]jpep]pera# _kil]neokj# kb#

pn]jobannej# atlnaooekj# eo# lnaoajpa`# ej# )Fecqna# 3.7G*-# ej# sde_d# pda# _]h_qh]pa`# bhqknao_aj_a#

ejpajoepeao# k^p]eja`# bnki# HalG3# _ahho# _qhpqna`# kj# oq_d# oq^opn]pao# sana# op]peope_]hhu#

_kil]na`#pk#pda#bhqknao_aj_a#k^oanra`#bnki#_ahho#_qhpqna`#kj#bh]p#oqnb]_ao/#Cahho#_qhpqna`#kj#
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j]jkcn]pejc#od]la#sepd#pkp]h#`eiajoekjo#351#ji#odksa`#]#oecjebe_]jp#ej_na]oa#ej#pn]jobannej#

atlnaooekj#nah]pera#pk#pda#_kjpnkh#kn#bh]p#oqnb]_a#)G#>#1/16*#]o#_ahho#_qhpqna`#kj#j]jkcn]pejco#

351# ji# cn]pejco# od]la# d]o# odksa`# ja]nhu# 2/4# bkh`# ej_na]oa# ej# pn]jobannej# atlnaooekj#

_kil]na`#pk#bh]p#oqnb]_ao#)Fecqna#3.7#G*/#

#

#

9SQ^[O! +&/<! Iiiqjkbhqknao_ajp# op]ejejc# kb# pda# dal]pe_# lnkpaej-# pn]jobannej# )cnaaj#

at_ep]pekj# %?# 599# ji*-# ]j #̀ pda# jq_haqo# )^hqa*# ej# HalG3# _ahho# _qhpqna`# kj# `ebbanajp#

pklkcn]ldeao/#Tda#j]jkcn]pejco#d]`#`eiajoekjo#kb#)A*#?#351#ji-#)B*#?#391#ji-#)C*#?#421#

ji-# )D*# ?# 521# ji-# )E*# j]jkna_p]jchao#sepd# ]# `eiajoekj# kb# 351# ji-# )F*# _kjpnkh# kn# bh]p#

oqnb]_a/#)G*#Ma]j#bhqknao_aj_a#ejpajoepeao#_]h_qh]pa`#qoejc#ei]ca#J#bkn#HalG3#_qhpqna`#ej#

`ebbanajp#j]jkl]ppanj#oqnb]_ao/#

#

#

#

#

#
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($'$($!+CJ>H9JBFE!BE!<NJF<AHFD>!5#)*%!>MGH>IIBFE!

Tda#atlnaooekj#kb#_upk_dnkia#P.561#s]o#]j]huoa`#]bpan#_qhpqnejc#kb#HalG3#_ahho#kj# #

j]jkl]ppanj# oq^opn]pao# ]j`# bh]p# oqnb]_ao/# Fecqna# 3.8# odkso# _upk_dnkia# P.561# ]o# na`#

bhqknao_aj_a#ejoe`a#HalG3#_ahho#_qhpqna`#kj#kqn#oq^opn]pao#]bpan#29#dno/#Tda#_ahho#_qhpqna`#kj#

j]jkcn]pejco# sepd# ol]_ejco# kb# 351# ji# ]j`# 421# )Fecqna# 3.8<# A-# C*# odksa`# ]# oecjebe_]jp#

ej_na]oa#ej#_upk_dnkia#P.561#_kil]na`#pk#_ahho#_qhpqna`#kj#kpdan#pklkcn]lde_]h#`eiajoekj]h#

ba]pqnao#]j`#od]lao-#kn#kj#]#bh]p#oqnb]_a#)Fecqna#3.8B-#D-#E#]j`#F*/#Tdaoa#naoqhpo#oqccaop#pd]p#

_upk_dnkia#P.561#haraho#]na#opeiqh]pa`#^u#pda#pklkcn]ldu#kb#j]jkl]ppanj#sepd#oeva#351#]j`#

421# ji# sepd# _kjpejqkqohu# heja]n# j]jkba]pqnao/# A# mq]jpep]pera# _kil]neokj# kb# _upk_dnkia#

P.561#atlnaooekj#eo#lnaoajpa`#ej#)Fecqna#3.8G*-#kj#sde_d#pklkcn]ldu#sepd#oeva#351#]j`#421#

ji#TeO3#oq^opn]pa#odksa`#oecjebe_]jp#ej_na]oa#)ja]nhu#3#bkh`#ej_na]oa*#ej#_upk_dnkia#P.561#

atlnaooekj#nah]pera#pk#pda#_kjpnkh#kn#bh]p#oqnb]_a#)l#>#1/16*/#

#

,','!=XPV^OXMO!YX!]RO!\][^M]^[O!YP!ROZK]YMb]O\!

Gakiapne_]h# ik`qh]pekj# kb# pklkcn]ldu# ]j`# _d]jcao# ej# pda# od]la# kb# pda# j]jkl]ppanj#

sdeha# i]ejp]ejejc# pda# _nepe_]h# `eiajoekj# )351# ji*# ejbhqaj_a`# _ahhqh]n# kneajp]pekj-# _ahh#

]hecjiajp#]j`#ahkjc]pekj/#Tdaoa#]hpan]pekjo# ej# pda# _ahho-#]j`#epo#`ena_pekj]h# ej`q_a`#_ahhqh]n#

kneajp]pekjo!sana#at]ieja`#^u#k^oanrejc#pda#na]nn]jcaiajp#kb#]_pej#beh]iajpo-#iknldkhkcu#

]j`#ejpacnej.ia`e]pa`#bk_]h#]`daoekj/# #

#
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#
9SQ^[O! +&0<# Iiiqjkbhqknao_ajp# op]ejejc# kb# Hal]pe_# lnkpaej# {Cupk_dnkia# P561# 3C;|#

)Ra #̀ at_ep]pekj#%?# 689# ji*# ej#HalG3# _ahho# _qhpqna`# ej# `ebbanajp# pklkcn]lde_]h# od]lao#

j]jkcn]pejc#sepd#pkp]h#`eiajoekjo#)A*#?#351ji-#)B*#?#391#ji-#)C*?#421#ji-#)D*?521#

ji-# ]j #̀ )E*# j]jkna_p]jcaho# sepd# 351# `eiajoekj# _kil]na`# pk# bh]p# oqnb]_ao)F*# Fh]p#

oqnb]_a/#
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9SQ^[O!+&0#Ckjpejqa<# )G*#Ma]j# bhqknao_aj_a# ejpajoepeao#_]h_qh]pa`# qoejc# ei]ca# J# bkn#

HalG3#_qhpqna`#ej#`ebbanajp#j]jkl]ppanj#oq^opn]pao#]j`#bh]p#oqnb]_a/#

($($&$!+CB@ED>EJI!9E=!9<JBE!?BC9D>EJ!H>9HH9E@>D>EJI!

Tk#ejraopec]pa#pda#abba_po#kj#pda#_upkogahapkj#^u#oeiqhp]jakqohu#]hpanejc#pda#od]la#kb#

pda# oq^opn]pa# j]jkba]pqnao# sdeha# i]ejp]ejejc# pda# o]ia# `eiajoekjo-# pda# ]ooai^hu# ]j`#

naknc]jev]pekjo#kb# ]_pej# beh]iajpo# sana# k^oanra`#^u# _qhpqnejc#HalG3# _ahho#kj# dapankpnkle_#

]j`#`eiajoekj]hhu#sahh.`abeja`#j]jkcn]pejc0j]jkna_p]jcha#oq^opn]pao/#Fecqna#3.9-#3.;#odkso#

pda#bhqknao_aj_a#op]ejejc#kb#]_pej#beh]iajpo-#sde_d# ej`e_]pao#l]npe]h#opnq_pqn]h#naknc]jev]pekj#

kb# dal]pk_upa# _ahho# pk# ]j# kneajp]pekj# l]n]hhah# pk# pda# j]jkcn]pejco# )Fecqna# 3.9*/# Ij# _kjpn]op-#

na_p]jcqh]n# j]jkopnq_pqnao# sepd# pda# o]ia# `eiajoekj# )351# ji*# ajd]j_a`# pda# bkni]pekj# kb#

behklk`e]# ]j`# h]iahh]lk`e]# )Fecqna#3.;*# ^qp# lnkre`a`# ]# haoo# knc]jeva`# _upkogahapkj/# Tdaoa#

]hpan]pekjo#ej#pda#_ahhqh]n#bn]iaskng#23#dno#]bpan#_ahh#_qhpqnejc#sana#_kil]na`#pk#_ahho#cnksj#

kj#bh]p#oqnb]_ao#)Fecqna#3.;*/# #

#
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#

9SQ^[O!+&1<#Cahhqh]n#]hecjiajpo#kb#HalG3#_ahho#reoq]heva`#qoejc#]_pej# op]ejejc#]bpan#

_qhpqna #̀ bkn# 23# dno# kj# ej# `ebbanajp# oq^opn]pao# sepd# pklkcn]lde_]h# od]la# )A*#

j]jkcn]pejco-#)B*?#j]jkna_p]jchao-#)C*?bh]p#oqnb]_ao#opnq_pqnao/#

#

9SQ^[O!+&2<#_upkogahap]h#na]nn]jcaiajp#]j #̀]_pej# beh]iajp#na]nn]jcaiajp#l]n]hhah#pk#)A*#

cn]pejco#sdeha#)B*na_p]jchao#]j #̀)C*#bh]p#oqnb]_a#`e`#jkp#odks#oq_d#na]nn]jcaiajpo/#

# #

($($'$!3FHGAFCF@B<9C!L9HB9JBFEI!>M9DBE>=!KIBE@!6.3!

Tda# iknldkhkce_]h# ]j`# ]hecjiajp# r]ne]pekjo# sana# _kjbenia`# sepd# SEM/# Ij# 351# ji#

j]jkcn]pejco-#oejcha#_ahho#]hecja`#l]n]hhah#pk#pda#hkjcepq`ej]h#]tao#kb#j]jkcn]pejco#sepd# pda#

atpajoekj#kb#behkla`e]#kran#j]jkcn]pejco#kn#ej#pda#ejpanol]_a#^apsaaj#oq_d#cn]pejco#)Fecqna#

3.21A*/#Sejcha#ahho#sana#hegahu#opnap_da`#sepd#heja#kb#]teo#ej#sepd#behkla`e]#lanlaj è_qh]n#pk#

j]jkcn]pejco# `ena_pekjo/# Sq_d# _upklh]oie_# atpajoekj# )behklk`e]*# sdana# ]j_dkna`# pk# ^kpd#
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j]jkl]ppanj#`alnaooekjo#]j`#lnkfa_pekjo#sepd#h]iahhalk`e]#na]_dejc#pda#hksan#oqnb]_a#kb#pda#

ejpanol]_a#)Fecqna#3.21#A*/#Wdeha#bkn#na_p]jchao#_ahho#`e`#jkp#odks#oq_d#l]n]hhah#]hecjiajp#

sepd#bqnpdan#atpajoekjo#kb#behkla`e]#ej#pda#ejpanol]_a#^apsaaj#oq_d#na_p]jchao#)Fecqna#3.21#

B*/# #

!

9SQ^[O! +&*)<# SEM# ei]cao# kb# HalG3# _ahho# _qhpqna`# bkn# 23# dno# ej# )A*# j]jkcn]pejco#

_kil]na #̀ pk# )B*# j]jkna_p]jchao# sde_d# ejoapo# odks# pda# behkla`e]# atpajpekj# ej# pda#

ejpanol]_a#^apsaaj#l]ppanj#]j #̀kj#pkl#kb#ep/#

#

#

($($($!0EJ>@HBE!D>=B9J>=!?F<9C!9=A>IBFE!

Tda#bkni]pekj#kb#ejpacnej##2#ia è]pa`#bk_]h#]`daoekjo#s]o#_kil]na`#bkn#_ahho#cnksj#

kj#`ebbanajp#j]jkl]ppanj.od]la`#oq^opn]pao#sepd#pkp]h#`eiajoekj#kb#351#ji#]j`#_kil]na`#pk#

_ahho#cnksj#kj#]#bh]p#oq^opn]pa/#Ckil]neokjo#sana#`kja#qoejc#eiiqjkbhqknao_aj_a#op]ejejc#

kb#]#pn]joiai^n]ja#lnkpaej#_d]n]_paneope_#bkn#bk_]h#_kjp]_po-#ejpacnej##2/#Fecqna#3.22#odkso#

pda# atlnaooekj# kb# ejpacnej# #2# ]o# cnaaj# bhqknao_aj_a# qlkj# _qhpqnejc# kb# HalG3# _ahho# kran#

j]jkcn]pejco# ]j`# j]jkna_p]jchao#sepd#351#ji# pkp]h#`eiajoekjo# ]j`#]# bh]p# oqnb]_a# oq^opn]pa#

bkn#23#dno/#Aj#ej_na]oa#ej#pda#ejpacnej##2#bknia`#s]o#k^oanra`#]bpan#_qhpqnejc#kb#HalG3#_ahho#
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kj# ]# _kjpejqkqo# cn]pejc# _kil]na`# pk# _ahhokj# j]jkna_p]jchao# kn# kj# ]# bh]p# oq^opn]pa# )Fecqna#

3.22# A-# C*/# Fasan# ejpacnej# #2# _hqopano# sana# atlnaooa`# kj# pda# ejpanieppajp# j]jkna_p]jchao#

_kil]na`#pk#pda#bh]p#oq^opn]pa#)Fecqna#3.22#B-#C*/#A#mq]jpep]pera#_kil]neokj#kb#ejpacnej##2#

atlnaooekj# eo# lnaoajpa`# ej# )Fecqna# 3.22# D*# kj#sde_d# _ahho# _qhpqna`# kj# 351# ji# _kjpejqkqo#

j]jkcn]pejco#odksa`#]#oecjebe_]jp# atlnaooekj#kb# ejpacnej##2# )2/4# bkh`# ej_na]oa# _kil]na`#pk#

j]jkna_p]jchao# ]j`# 3# bkh`# ej_na]oa# _kil]na`# pk# bh]p# oqnb]_ao*/# Tdqo-# 351# ji# _kjpejqkqo#

j]jkcn]pejco# lnkre`a`# pda# j]jk_qao# bkn# pda# na_nqepiajp# ]j`# _hqopanejc# kb# ejpacnej# #2#

na_alpkno/#

#

!

9SQ^[O!+&**<# # Spq`u#kb#ejpacnej#ia`e]pa`#bk_]h#]`daoekj#bknia`#qoejc#eiiqjkop]ejejc#

+)^W +)^W +)^W



� � �

kb#Ijpacnej##2#^u#Ahat].bhqkn#599#hejga`.AB-#at_ep]pekj#$599ji#kb#HalG3#_ahho#_qhpqna`#

kj# 351# ji# )A*# j]jkcn]pejco-# )B*# j]jkna_p]jchao# )_*_kjpnkh# )qllan# l]jah# hks#

i]cjebe_]pekj#sdeha# hksan#l]jah# decdan#i]cjebe_]pekj# ei]cao*/# )D*#Ma]j# bhqknao_aj_a#

ejpajoepeao#_]h_qh]pa`#qoejc#ei]ca#J#bkn#HalG3#_ahho#_qhpqna`#ej#`ebbanajp#j]jkl]ppanjo/#

#

#

9SQ^[O! +&*+<# ECM# _kilkjajpo# bknia`# ^u# HalG3# _ahho# _qhpqna`# bkn# 77# dno# kj#

j]jkl]ppanj# sepd# `ebbanajp# od]lao# ]j`# pkp]h# pklkcn]lde_]h# `eiajoekj# 351ji# )A*#

j]jkcn]pejco#)B*#j]jkna_p]jchao#)_*#_kjpnkh-#kj#sde_d# # na`# bhqknao_aj_a#nalnaoajpo#pda#

Ckhh]caj#IV#A^#)3nu.#Ahat]#bhqkn.651*-#Gnaaj#Fhqknao_aj_a#nalnaoajp#Fe^nkja_pej# # )3nu#

A^#Ahat].bhqkn.599*#]bpan#`a_ahhqh]nev]pekj#qoejc#H3O#bkn#2#dn#]p#48#�C/#

#

($($)$!49JBL>!.-3!+II>D;CN!

Wa#lnklkoa#pd]p#_qhpqnejc#HalG3#kj#j]jkl]ppanj#sehh#d]ra#]#_kjoe`an]^ha#eil]_p#kj#

pda#bkni]pekj#]j`#]ooai^hu#kb#j]pqn]h#ECM#_kilkjajpo#oq_d#]o#be^nkja_pej#]j`#_khh]caj#IV/#

Tdqo-# ]# `a_ahhqh]nevpekj# lnk_a`qna# s]o# lanbknia`# qoejc# H3O-# ]o# lnarekqohu# nalknpa`-# pdaj#

pda# _d]jca# ej# pda# bkni]pekj# ]j`# `acnaa# kb# ]ooai^hu# kb# be^nkja_pej# ]j`# _khh]caj# IV# sana#

at]ieja`#qoejc#]j#eiiqjkop]ejejc#pa_djemqa/#Fecqna#3.23#odkso#pda#ej_na]oa#ej#pda#harah#kb#

j]pqn]hhu# ]ooai^ha`# be^nkja_pej# ]j`# _khh]caj# IV# ]bpan# _qhpqnejc# ]j`# `a_ahhq]nev]pekj# kb#

HalG3#_ahho#kj#351#ji#j]jkl]ppanjo#sepd#`ebbanajp#od]lao#nah]pera#pk#pda#bh]p#oqnb]_ao/#Tda#

_kjopnq_pekj# ]j`# ]ooai^hu# kb# psk# j]pera# ECM# _kilkjajpo-# be^nkja_pej# ]j`# _khh]caj# IV-#
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sana#_kjoe`an]^hu# opeiqh]pa`#77# dno# ]bpan# _qhpqnejc#HalG3# _ahho#kj#j]jkl]ppanj# _kjp]ejejc#

heja]n# j]jkba]pqnao# _kil]na`# pk# _ahho# oaa`a`# kj# na_p]jcqh]n# j]jkopnq_pqnao# kn# kj# ]# bh]p#

oqnb]_a#)Fecqna#3.23*/#Tdaoa#naoqhpo#oqccaop#pd]p#j]jkl]ppanj#sepd#heja]n#od]la#j]jkba]pqnao#

)pkp]h#`eiajoekj#kb#351#ji*#lnkre`a`#aooajpe]h#_qao#pk#ej_na]oa#pda#i]cjepq`a#]j`#]ooai^hu#

kb#j]pqn]hhu.lnk`q_a`#ECM#_kilkjajpo/#

#

8aZO[SWOX]KV!"!WO]RYNYVYQb!

-'*'!9KL[SMK]SYX!YP!XKXYZK]]O[X!\^L\][K]O\!^\SXQ!OVOM][YX!LOKW!VS]RYQ[KZRb!KXN!K]YWSM!

VKbO[!NOZY\S]SYX! !

Cha]ja`# Se# )211*# oq^opn]pao# sana# _k]pa`# sepd# ZEP631A# naoeop# )Nellkj# Zakj# Ck/-#

J]l]j*# ]j`# ]# pdejjan# )]jeokh*# ]p# ]# n]pek#kb#2<3#qoejc#]# olej# _k]pan# )Meg]o]#2H.D8*# ]p# 7111#

nli/# Pna^]gejc#s]o# `kja# ]p# 291# �C# bkn# 4# iej-# bkhhksa`# ^u# olej# _k]pejc#sepd# ]# ranu# pdej#

h]uan# kb# _kj`q_pera# i]pane]h# )21.31#ji*# )Eol]_an=#Suks]#Dajgk#Ck/-# J]l]j*# ]p# 3111# nli/#

Tda# oq^opn]pa#s]o# pdaj# enn]`e]pa`#sepd# ]j# a.^a]i# )Ehekjet#ELS.8611EX*#sepd# ]__ahan]pekj#

rkhp]ca#kb#61#gr#]j`#]j#I#^a]i#]ilan]ca#kb#331#lA/#Tda#oq^opn]pa#s]o#pdaj#`arahkla`#ej#4#

opalo# qoejc# H3O-# j.]iuh# ]_ap]pa# ]j`# ietpqna# kb# iapduh# eok^qpuh# gapkja# )9;&*0eoklnkluh#

]h_kdkh# )22&*# )W]gk# Ck/-# J]l]j*# ]j`# `nea`# sepd# N3# c]o/# Tda# lna_eoa# oeva# kb# b]^ne_]pa`#

oq^opn]pa# naoqhpa`# bnki# a]_d# a.^a]i# s]o# _kjbenia`# qoejc# SEM/# Aj# ap_dejc# opal# s]o#

lanbknia`#qoejc#ej`q_pera#_kqlha`#lh]oi].na]_pera#ekj#ap_dejc#]p#61W#)oqhldqn#dat]bhqkne`a#

3/6#o__i#,#iapduh#papn]bhqkne`a#4/6#o__i*#sepd#]#pkp]h#lnaooqna#kb#1/2#P]#bkn#212#o/#Natp-#pda#

naoeop#s]o#naikra`#qoejc#O3#lh]oi]-#DMAC#)`eiapduh#]_ap]ie`a*#]j`#SPM#)H3SO5#,#H3O3-#

4<2*# naola_perahu/# Tda# jatp# opalo# ej_hq`a`# _k]pejc# sepd# ]# ldkpknaoeop# )AZ.6325E*-# UV#

enn]`e]pekj# sepd# ]# ldkpki]og-# narano]h# ^]gejc# ]p# 231# �C-# ]j`# bhkk`# atlkoqna# pk# UV/# Tda#

oq^opn]pa# s]o# pdaj# `arahkla`# qoejc# NMD.4# )3/49&# TMAH*# )papn]iapduh# ]iikjeqi#
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du`nkte`a*# )W]gk# Ck/# J]l]j*# bkn# 2# iej-# pdaj# nejoa`# sepd# H3O/# Fej]hhu-# ]pkie_# h]uan#

`alkoepekj# s]o# _kj`q_pa`# )Pe_koqj# SUNALE# R.261*/# Tda# `alkoepekj# lnaooqna# ejoe`a# pda#

_d]i^an# s]o# )611# P]*! ]p# ]# pailan]pqna# kb# 211# �C/# Tda# pde_gjaoo# kb# pda# TeO3# h]uan# s]o#

_kjpnkhha`#^u#pda#jqi^an#kb#_u_hao<#81#_u_hao#c]ra#]#pde_gjaoo#kb#6#ji/#Tda#TeO3#lna_qnokn#

[papn])`eiapdhu]iejk*pep]j]pa\# s]o# lqila`# ejpk# pda# _d]i^an-# bkhhksa`# ^u# ]nckj# c]o# pk#

naikra#qj`alkoepa`#lna_qnokn/#Natp-#H3O#r]lkqn#s]o#lqila`#ej#pk#bkni#pda#ejknc]je_#TeO3#

h]uan# bnki# pda# knc]je_# lna_qnokn-# pdaj# ]nckj# c]o# s]o# lqila`# ej# pk# naikra# naoe`q]h# H3O#

)Fecqna# 3.24*/# F]^ne_]pa`# j]jkl]ppanjo# _k]pa`# sepd# pdej# behio# kb# TeO3# sana# _d]n]_paneva`#

qoejc# ]# o_]jjejc# aha_pnkj# ie_nko_kla# )Hep]_de.S4111N*# ]j`# ]j# ]pkie_# bkn_a# ie_nko_kla#

)SIIL.pn]_a*/# Fqnpdan# atlaneiajpo# sana# `kja# qoejc# pda# b]^ne_]pa`# oq^opn]pao# ]bpan# `nu# da]p#

opanehev]pekj#kb#pda#oq^opn]pa#]p#281#�C#bkn#2#dn/#

#

9SQ^[O!+&*,<#S_daia#ehhqopn]pao#pda#opalo#namqena`#bkn#pda#b]^ne_]pekj#j]jkl]ppanjo#sepd#

`alkoepa`#TeO3/# #

-'+'!<OZK]SM!MOVV!M^V]^[O!

HalG3#_ahho#sana# _qhpqna`# ej#Dqh^a__k(o#MEM#)N]_]h]e#Taomqa-#Kukpk-# J]l]j*#sepd#

21&# da]p# ej]_per]pa`# FBS# ]j #̀ oqllhaiajpa`# sepd# 211U# laje_ehhej0# 211# !c# opnalpkiu_ej#

)N]_]h]e# Taomqa-# Kukpk-# J]l]j*# lan# ih# ia èqi/# Ahh# _ahho# sana# i]ejp]eja`# ]p# 48# �C# ej# ]#

211&#dqie`ebea`#]pikoldana#qj`an#6&#CO3/#Ap#81.91&#_kjbhqaj_a-#_ahho#sana#pnuloejeva`#



� � �

]j`# oaa`a`# kran# pda# j]jkl]ppanj# oqnb]_ao# bkn# 23# pk# 29# dno/# Fkn# pda# atlnaooekj# kb# ECM#

_kilkjajpo-#_ahho#sana#_qhpqna #̀bkn#77#dno=#]#bnaod#ia`eqi#s]o#]``a`#]bpan#44#dno/!

-','!=WW^XY\]KSXSXQ!KXN!PV^Y[O\MOXMO!NO]OM]SYX!

HalG3# _ahho# _qhpqna`# kj# j]jkl]ppanja`# oq^opn]pao# sana# beta`# bkn# 26# iej# ej# 5&#

l.bkni]h`adu`a#)PFA*#ej#PBS#]p#5#�C/#Et_aoo#]h`adu`a#s]o#mqaj_da`#qoejc#1/2#M#chu_eja#

bkn# 6# iej/# Tdaj-# pda# _ahho# sana# lania]^eheva`# ej# 2&# pnepkj# X.211# ej# PBS# bkn# 6# iej-# pdaj#

lnei]nu# ]jpe^k`eao# sana# ]``a`/# Tda# ]jpe^k`eao# qoa`# <# n]^^ep# lkhu_hkj]h# ]jpe.]h^qiej#

]jpe^k`u.# C# .paniej]h# )`ehqpa`# 2<36=# A^_]i-# C]i^ne`ca-# UK*-# n]^^ep# lkhu_hkj]h#

]jpe.pn]jobannej#]jpe^k`u#)`ehqpa`#2<611=#A^_]i*-#ikqoa#ikjk_hkj]h#]jpe._upk_dnkia#P.561#

3C7# ]jpe^k`u# )2# !c0ih=# A^_]i*-# CD3;# ikqoa# ]jpe.dqi]j# iA^.ALat]# Fhqnk�# 599#

_kjfqc]pa# bkn# ejpecnej# #2# )`ehqpa`# 2<211=# Ijrepnkcaj# Leba# Ta_djkhkceao-# Eqcaja# Onackj-#

USA*/# Tdaoa# ]jpe^k`eao# sana# ej_q^]pa`# sepd# pda# _ahho# ]p# 5# �C# kranjecdp/!Eraj# pdkqcd# sa#

qoa`#]#ia`eqi#sepd#21&#bap]h#^kreja#oanqi#sde_d#i]u#_kjp]ej#lnkpaejo#]o#]h^qiej-#pdana#eo#

jk# ejpanbanaj_a# kn# _nkoo# na]_pekjo#sepd# pda#lnei]nu#]jpe^k`eao#sa# qoa`-# ]o# pdaoa# ]jpe^k`eao#

]na# ola_ebe_# bkn#dqi]j#lnkpaejo#jkp#^kreja#ola_eao/#Tdaj-#oa_kj`]nu#]jpe^k`eao#sana#]``a`#

bkn#2#dn/#Tdaoa#oa_kj`]nu#]jpe^k`eao#sana#Ahat]#Fhqkn#�#679#ck]p#]jpe.ikqoa#IcG#)H#,#L*#

)`ehqpa`# 2<611=# Ijrepnkcaj# Leba# Ta_djkhkceao# Eqcaja# Onackj-# USA*# ]j`# ck]p# lkhu_hkj]h#

]jpe.n]^^ep# IcG# .# H'L.DuLecdp�# 599# )`ehqpa`# 2<611=# A^_]i*/# Tda# _ahho# sana# k^oanra`#

qoejc# ]j# qlnecdp# bhqknao_aj_a# ie_nko_kla# )Ohuilqo# BX62*# amqella`# sepd# ]j# Ohuilqo#

DP81# `ecep]h# _]ian]/# DP# Ckjpnkhhan# Van/# 4/2/2#s]o# qoa`# pk# lnk_aoo# pda# ei]cao/# Fkn#

mq]jpep]pera# _kil]neokj# kb# ]h^qiej# atlnaooekj-# sa# qoa`# pda# bnaas]na# ei]ca# ]j]huoeo#

okbps]na# Ii]caJ-# ]o# lnarekqohu# nalknpa`# [35\/# Tda# _ahh# ]na]# s]o# `apanieja`# ^u# i]jq]h#

`aheja]pekj# kb# n]s# bhqknao_aj_a# ei]cao/# A# iejeiqi# kb# 23# _ahho# sana# ]j]huoa`# bnki# psk#

ej`alaj`ajp# atlaneiajpo/# Cupkogahap]h# F.]_pej# s]o# reoq]heva #̀ ^u# pna]pejc# pda# _ahho# sepd#
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ld]hhke`ej# }# TRIC# )Seci].Ah`ne_d-# Gani]ju*# ]p# 6# !c0ih# bkn# 26# iej/# Nq_hae# sana# op]eja`#

qoejc#Hka_daop#44453#]p#6#!c0ih#bkn#21#iej/#

Tk# ejraopec]pa# ECM# _kilkjajpo-# `a_ahhq]nev]pekj# s]o# lanbknia #̀ ]o# lnarekqohu# # #

nalknpa`# [36\/#Cahho# sana# _qhpqna`# kj# j]jkl]ppanj# oqnb]_ao#sepd# r]nekqo# od]lao# bkn# 77# dno-#

pdaj#ej_q^]pa`#sepd#3#ih#kb#`eopehha`#s]pan#bkn#2#dn#]p#48#�C#bkn#_ahh#huoeo/#A#s]odejc#opal#^u#

_]nabqh#eiianoekj#ej#PBS#s]o#`kja#4#peiao/#Tda#`alkoepa`#ECM#s]o#beta`#qoejc#5&#PFA#

bkn# 31# iej/# Pnei]nu# ]jpe^k`eao# oq_d# ]o# ikqoa# ikjk_hkj]h# ]jpebe^nkja_pej# )`ehqpa`# 2<61=#

S]jp]#Cnqv#Bekpa_djkhkcu*#]j`#ikqoa#ikjk_hkj]h#]jpe_khh]caj#IV#)`ehqpa`#2<61=#S]jp]#Cnqv#

Bekpa_djkhkcu*# sana# ]``a`# bkn#41# iej-# pdaj# oa_kj`]nu# ]jpe^k`eao#sana# ]``a`# bkn#41#iej/#

Tda# oa_kj`]nu# ]jpe^k`eao# sana# ck]p# ]jpe.ikqoa# IcG.TR# )`ehqpa`# 2<361=# S]jp]# Cnqv#

Bekpa_djkhkcu*# ]j`# Ahat]# Fhqkn�# 599# ck]p# ]jpe.ikqoa# IcM# )H,L*# )`ehqpa`# 2<361-#

)Ijrepnkcaj# Leba# Ta_djkhkceao**/# Tda# abba_pera# naikr]h# kb# _ahho# ]j`# _ahhqh]n# `a^neo# ^u# pdeo#

iapdk`#s]o#ranebea`#^u#bhqknao_ajp#h]^ahhejc#kb#pda#`a_ahhqh]neva`#j]jkl]ppanj#oqnb]_ao#sepd#

Hka_daop#44453/#

-'-'!FMKXXSXQ!OVOM][YX!WSM[Y\MYZO!SX_O\]SQK]SYX!

Ijraopec]pekjo# kb# pda# _ahh# na]nn]jcaiajpo# ]j`# ]hecjiajpo# sana# `kja# ^u# o_]jjejc# aha_pnkj#

ie_nko_klu# )SEM*# qoejc# )Hep]_de# S.5911-# J]l]j*/# Pnekn# pk# SEM# ejraopec]pekjo# pda# o]ilhao# sana#

lnal]na`#]o#bkhhkso/#Ap#pda#aj`#kb#pda#_qhpqna#lanek`#pda#_ahho#kj#pda#j]jkl]ppanj#sana#beta`#sepd#3/6#

rkh&#chqp]n]h`adu`a#)W]gk-#J]l]j*#ej#PBS#bkn#3#d/#Abpan#sde_d#pda#_ahho#sana#`adu`n]pa`#pdnkqcd#]#

oaneao# kb# apd]jkh# _kj_ajpn]pekjo# )21&-# 51&-# 71&-# 91&-# 211&*# bkn# 6# iej-# naola_perahu/# Fej]h#

`aoe__]pekj#s]o#`kja#qoejc#bnaava#`nuejc#)Hep]_de#Eo#3141-#Tkguk-#J]l]j*/#Fej]hhu-#pda#o]ilhao#sana#

lh]_a`#kj#SEM#ola_eiaj#dkh`ano#]j`#k^oanra`#qj`an#beah`.aieooekj#o_]jjejc#aha_pnkj#ie_nko_kla#

klan]pa`#]p#]j#]__ahan]pekj#rkhp]ca#ej#pda#n]jca#2}6#gV/#

#
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Oja# _d]hhajca# ej# peooqa# ajcejaanejc# eo# pda# _kjopnq_pekj# kb# ]# ^eki]pane]h# pd]p# ieie_o#

pda# j]pera# BE#LBLF# ie_nk0j]jkajrenkjiajp# sdeha# lnaoanrejc# _ahhqh]n# re]^ehepu# ]j`#

bqj_pekj]hepu/#M]ju# nalknpo# d]ra# bk_qoa`# kj# pda# `eo_nal]j_eao! ej# _ahhqh]n#^ad]rekno-#sde_d#

]na# decdhu# `alaj`ajp# kj# pda# pula# kb# dqi]j# _ahh# ]j`# pda# oqnb]_a# _d]n]_paneope_o# kb# pda# # # # # # #

^eki]pane]h#[31.34\/# #

Tk#]``naoo#pdaoa#_d]hhajcao-#sa#_kjopnq_pa`#r]nekqo#oqnb]_ao#sepd#`ebbanajp#od]lao#]j`#

dapankpnkle_# `eiajoekjo/# Tda# iqhpelha# l]ppanjo# ieie_# pda# j]jk_qao# lnkre`a`# ^u# j]pqn]hhu#

k__qnnejc# ECM# _kilkjajpo# pk# _kjpnkh# ]j`# nacqh]pa# jqiankqo# dal]pk_upa# bqj_pekjo/# Tdqo-#

cn]pejc# od]lao# ]j`# ejpanieppajp# j]jkna_p]jchao# pd]p# _kqh`# ieie_# dean]n_de_]hhu.atpaj`a`#

_khh]caj#j]jkbe^nehh]n#opnq_pqnao#sana#cajan]pa`#qoejc#aha_pnkj#^a]i#hepdkcn]ldu#]j`#]pkie_#

h]uan#`alkoepekj/#Tda#`eop]j_a#^apsaaj#j]jkcn]pejco#s]o#261-#331#kn#431#ji-#]j`#pda#se p̀d#

kb#pda#j]jkcn]pejco#s]o#aepdan#;1#kn#231#ji/#Tda#`eiajoekjo#kb#pda#j]jkba]pqnao#s]o#_dkoaj#

pk# bep# pda# oeva# n]jca# kb# ]ooai^ha`# _khh]caj# be^neho# 371.521# ji# [37\# bkqj`# ej# _ahho# ej# pdaen#

j]pera# ajrenkjiajp/# Wdeha# pda# daecdp# s]o# _dkoaj# 51# ji# ]o# ]j# ej_na]oa# ej# pda# v# o_]ha#

`eiajoekj# kb# lnkpnq`ejc# j]jkba]pqnao# d]o# ^aaj# odksj# pk# eil]en# _ahhqh]n# ^ad]rekno# ej#

`ebbanajp# _ahho# [31.34-# 38\/# Fqnpdanikna-# oq_d# ]# h]ncan# daecdp# skqh`# naoqhp# pk# naopne_p# pda#

]pp]_diajp#kb#_ahho#pk#qllan#oqnb]_a#kb#j]jkcn]pejco//#

Oqn#naoqhpo#oqccaop#oaran]h#kqp_kiao/#Fenop-#pda#_d]jca#ej#pda#lh]jan#]na]#^apsaaj#pda#

j]jkcn]pejco# kb# ^ek.ejolena`# oqnb]_ao# naoqhpa`# ej# _d]jcao# ej# dal]pk_ahhqh]n# bqj_pekj]hepu/#

Sa_kj`-#sa#`aikjopn]pa#pd]p#pda#hkoo#kb#_khh]caj.hega#be^nehh]n#opnq_pqnao#^u#_d]jcejc#bnki#]#

_kjpejqkqo# heja]n# od]la# pk# ]j# ejpanieppajp# od]la# kn# pk# na_p]jchao# _kjoe`an]^hu# ]hpana`# pda#
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_ahhqh]n# bqj_pekj]hepu#kb#HalG3/#Tden`-#kqn# bej`ejco#oqccaop# pd]p# pda# _kjpnkh#kb# pda#lduoe_]h#

j]jk_qao#]ook_e]pa`#sepd#]#_anp]ej#`eiajoekj#]j`#od]la#pd]p#_hkoahu#ieie_o#pda#j]pqn]h#ECM#

_kqh`#^a#_nepe_]h#bkn#_kjpnkh#pda#_ahhqh]n#^ad]rekn/#

Wa# bk_qoa`# kj# `apaniejejc# pda# bqj_pekj]h# naolkjoao# kb# HalG3# _ahho# pk# oaran]h#

pklkcn]lde_#ba]pqnao#sepd#r]nekqo#`eiajoekjo#]j`#od]lao/#Tda#atlnaooekj#haraho#kb#]h^qiej-#

pn]jobannej#]j`#_upk_dnkia#P.561#sana#paopa`#]o#bqj_pekj]h#i]gano/#Ah^qiej-#]#heran.ola_ebe_#

i]ngan-#s]o# ejraopec]pa`# ej#HalG3# _qhpqna`# kj#`ebbanajp#j]jkl]ppanj/#Sla_ebe_# j]jkl]ppanj#

pd]p# hegahu# ieie_ga`# pda# i]pnet# _kjbecqn]pekj# )pkp]h# h]pan]h# `eiajoekj# kb# 351# ji*# odksa`#

decdan# ]h^qiej# atlnaooekj/# Legaseoa-# j]jkl]ppanj# sepd# pdeo# ola_ebe_# h]pan]h# `eiajoekj#

oqllknpa`#]#decdan#harah#kb#psk#kpdan#bqj_pekj]h#lnkpaejo-#_upk_dnkia#P.561#]j`#pn]jobannej/#

Mkop# kb# lnarekqo# naoa]n_d# d]ra# bk_qoa`# kj# pda# opq`u# kb# pkp]h# ba]pqnao# `eiajoekjo#

)`alpd# kn# se`pd*# &# 461# ji# ]j`# ql# pk# ie_nkjo# [39.41\-# sdeha# ]# bas# naoa]n_d# kjhu# pnea`# pk#

opq`u# pda# ejbhqaj_a# kb# oi]hhan# `eiajoekj]h# ba]pqnao# kn# pda# nkha# kb# `eiejeoda`# o_]ha# h]pan]h#

ba]pqnao#kj# èbbanajp#_ahh#^ad]rekno/#N]jkcn]pejco#pkp]h#`eiajoekj#amqer]hajp#pk#321#ji#s]o#

]^ha# pk# ej`q_a# abba_pera# ]hpan]pekj# ej# pda# ]hecjiajp# ]j`# kneajp]pekj# kb# cheki]# _ahho# [42\/#

Fqnpdanikna-#kopak^h]op#iknldkhkce_]hhu# na_kcjeva#oqnb]_a# pklkcn]ldu#op]npejc#bnki#86# ji#

sepd#naoqhp]jp#]hpan]pekj#ej#pda#]hecjiajpo#]j #̀`alkoepekj#kb#iejan]heva`#ECM#_kilkjajpo-#

sdeha# 261# ji# ba]pqnao# oeva# _kjbenia`# pk# op]np# pda# ej`q_pekj# kb# kopak^h]op.ola_ebe_# cajao#

atlnaooekj# [42\# )Ahg]heja# ldkold]p]oa-# kopak_]h_ej-# ]j`# ^kja# oe]hklnkpaej*/# Mknakran-# pda#

atlnaooekj# kb# IL.2## ]j`# TNF."# # bnki# iqneja# i]_nkld]ca# BE#LBLF# ]j`# BE#LBJHF-# s]o#

qlnacqh]pa`# kj# j]jkcn]pejco# op]npejc# bnki# 261# ji# h]pan]h# `eiajoekj%! kj# sde_d# pdaoa#

oecj]hhejc# lnkpaejo# lh]u# _kjoe`an]^ha# nkha# ej# pda# skqj`# da]hejc# lnk_aoo# [44\/# Sq_d#

pklkcn]ldu-#ba]pqnao#oeva#'461#ji-#ej#l]npe_qh]n#hegahu#pk#decdhu#ieie_o#pda#r]ne]^ha#`eop]j_a#

^apsaaj# ej`ere`q]h# _khh]caj# be^neho# oej_a# _khh]caj# be^neho# oeva# ]na# r]nuejc# ej# `e]iapan#
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371.521# ji# ]o# lnarekqohu# nalknpa`# [37\/#Td]p# ]hhkso# pda# _ahh0oqnb]_a# _kiiqje_]pekj# sepd#

oq^oamqajp#ej_na]oa#ej#_ahhqh]n#bqj_pekj]hepeao/#

Pnarekqohu-# ]jeokpnkle_]hhu# `eiajoekj]h# j]jkopnq_pqnao# sepd# cn]pejco# 0ejpanol]_a# 2<2#

sana#qoa`-#pda#ej_na]oa#ej#pda#h]pan]h#`eiajoekjo#araj#ql#pk#ql#pk#ie_nk}o_]ha#naoqhpa`#ej#]j#

ej_na]oa#ej#pda#_ahhqh]n#bqj_pekjo#[31.34\/#Hksaran-#kqn#naoqhpo#oqccaopa`#pd]p#]j#ej_na]oa#ej#

pda#j]jkba]pqnao-#cn]pejco0ejpanol]_a# bnki#!#2<3#);1<261#ji*# ejpk#!#2<4#);1<331#ji*#kn#!#

2<5#);1<431#ji*#d]o#^aaj#]ook_e]pa`#sepd#]#`a_na]oa#ej#atlnaooekj#kb#okia#paopa`#bqj_pekj]h#

lnkpaejo#)e/a/#]h^qiej*/#A#na_ajp#naoa]n_d#nalknpa`#pd]p#pda#ej_na]oa#ej#pda#ejpanol]_a#^apsaaj#

j]jkcn]pejco# ejpk# 2<6# )411<2611# ji*# skqh`# oecjebe_]jphu# `a_na]oa# pda# `ebbanajpe]pekj# kb#

dqi]j# jaqnkj]h# opai# _ahho# sepd# pda# `a_na]oa# ej# atlnaooekj# kb# ola_ebe_# jaqnkj]h# # #

^eki]ngano# [41\/# # Tdaoa# ]hpan]pekjo# ej# pda# ^ad]rekno# kb# _ahho# kran# pklkcn]lde_]h# ba]pqnao#

_kqh`#^a#na]okja`#^u#3#b]_po<# pda# _ahh# pula# eo#]#gau# ahaiajp# ej#_ahh.i]pane]h# ejpan]_pekjo-#]o#

`ebbanajp#_ahho#^ad]ra#`eranoahu#sdaj#_qhpqna`#ej#pda#j]jk0oq^ie_nk.o_]ha#j]jkba]pqnao#[45\/#

Sa_kj`hu-#pda#_ahho#]na#oajoepera#pk#pklkcn]lde_]h#]hpan]pekjo-#]o#pda#o]ia#_ahho#_kqh`#^ad]ra#

`ebbanajphu# ^u# pda# ik`ebe_]pekj# ej# pda# ba]pqna# ola_ebe_# `eiajoekjo# `aolepa# betejc# pda# h]pan]h#

`eiajoekj# ]j`# od]la/# Fkn# ejop]j_a-# ]# _d]jca# ej# pda# ]hecjiajp# lan_ajp]ca# kb# _knja]h#

alepdahe]h# _ahho# eo# k^oanra`# sdaj# ]hpanejc# pda# cn]pejco0ejpanol]_a# `eiajoekj# bnki# 2<5#

)81<441*# ejpk# 2<3# )291<331*# bkn# j]jkcn]pejco# sepd# 511ji# h]pan]h# `eiajoekj# [46-# 47\/#

Ckjoamqajphu-# pda# j]jkopn_qpqnao# h]pan]h# `eiajoekj# )351# ji*# hegahu# oqllknpo# pda# _ahhqh]n#

kneajp]pekj#]j`#ejpacnepu#kb#dal]pk_upao#]j`#]hhkso#pda#_kjpnkh#kb#pdaen#^ad]rekno/# #

Tda# kpdan# cakiapnu# ejraopec]pa`-# j]jkna_p]jchao-# naoqhpa`# ej# ]# `a_na]oa# ej# pda#

bkni]pekj# kb# ]h^qiej-# pn]jobannej# ]j #̀ _upk_dnkia#P.561# _kil]na`# pk# _ahho# ]pp]_da`# pk# pda#

_kjpejqkqo# opne]pa`# bkni# kb# pda# o]ia# oeva/# Tdqo-# pda# decdan# pda# `acnaa# kb# naoai^h]j_a#

^apsaaj# pda# oqlanbe_e]h# pklkcn]lde_]h# _qao# kj# j]jkl]ppanj# ]j`# j]pqn]h#ECM-# pda# ^appan# pda#



� � �

_upk_kil]pe^ehepu#]j`#bqj_pekj]hepu#kb#HalG3#cnksj#kj#oq_d#j]jkopnq_pqnao/#

Oqn#naoqhpo#oqccaop# pd]p# pda# pklkcn]lde_]h#_d]n]_paneope_o#kb#j]jk_qao#kb#sahh.`abeja`#

`eiajoekj#]j`#od]la#)351#ji#sepd#]#opne]pa`#]lla]n]j_a*#_]j#_kjpnkh#]j`#nacqh]pa#iqhpelha#

dal]pk_ahhqh]n#bqj_pekjo/#Wdeha#kpdan# èiajoekjo#naoqhpa`#ej#ej_na]oa`#atlnaooekj#kb#dal]pe_#

lnkpaejo-#oq_d#]o#pda#421#ji#`eiajoekj#bkn#cn]pejco#bkn#_upk_dnkia#P.561#atlnaooekj#)]hh#]o#

_kil]na`#pk#pda#_kjpnkh*-#pda#oeiqhp]jakqo#i]ejpaj]j_a#kb#ahar]pa`#haraho#kb#oaran]h#dal]pe_#

bqj_pekjo# naheao# kj# okldeope_]pa`# oecj]ho/# Tdaoa# ajp]jcha`# oecj]ho# ]na# knc]jeva`# pk# okia#

atpajp# ^u# `eranoebea`# lduoe_]h# ]j`# ^ek_daie_]h# _qao/# Tda# qj`anhuejc# ia_d]jeoio# bkn# pdeo#

ajd]j_a`#bqj_pekj]hepu#d]ra#uap#pk#^a#bqhhu#nara]ha`-#]j`#jaa`a`#pk#^a#atlhkna`#ej#pda#bqpqna/#

Tdaoa#opq`eao#sehh#lnkre`a#]j#ej.`alpd#qj`anop]j`ejc#kb#pda#nah]pekjodel#^apsaaj#ECM.hega#

pklkcn]ldu#]j`#heran#_ahh#bqj_pekj]hepu-#]j`#pdqo#sehh#lkpajpe]hhu#^a#kb#cna]p#^ajabep#bkn#peooqa#

ajcejaanejc#]j`#epo#bqpqna#]llhe_]pekjo/#

HalG3# _qhpqna`# ej# j]jkcn]pejc# oq^opn]pao# `eolh]ua #̀ ]# bqj`]iajp]hhu# `ebbanajp#

iknldkhkcu# _kil]na`# pk# _ahho# _qhpqna`# kj# j]jkna_p]jchao# kn# bh]p# oqnb]_ao/# Oj# _kjpejqkqo#

j]jkcn]pejco-# ]nkqj`# 71.81&# kb# pda# oejcha# _ahho# ]na# ]hecja`# ej# pda# hkjcepq`ej]h# èna_pekj-#

l]n]hhah# pk# pda# j]jkcn]pejco-# ]j`# atde^ep# ]hecja`# _ahhqh]n# iknldkhkcu/# Cahho# _qhpqna`# kj#

ejpanieppajp# na_p]jchao# kn# bh]p# oqnb]_ao# `e`# jkp# odks# pdeo# l]n]hhah# ]hecjiajp/# Tda#

bknaiajpekja`#atpajoekj#kb#]_pej#beh]iajpo#naoqhp#bnki#pda#bet]pekj#kb#behklk`e]#]o#]j_dknejc#

lkejpo# ej# pda#lh]jan# ]na]#^apsaaj# pda# cn]pejco# ]j`#kran# ep# kj#sde_d# pdaoa# ]j_dknejc#lkejpo#

_]j# ejepe]pa# pda# na_nqepiajp# kb# ejpacnejo# ]j`# kpdan# ]`daoekj# lnkpaejo/# Sk# ep# eo# hegahu# sehh#

b]_ehep]pa# pda# kneajp]pekj# ]j`# bkni]pekj# kb# bk_]h# ]`daoekj# bknia`# [48\/# Tdaoa# _upklh]oie_#

atpajoekjo#jkp#kjhu#i]u#^a#ejrkhra`#ej# pda#atlhkn]pekjo#kb#pda#i]pane]h#oqnb]_ao#^qp#ep#i]u#

]hok#lh]u#]#nkha#ej#pda#]hpan]pekj#kb#ol]pe]h#_kjbkni]pekj#kb#]`daoekj#_kilhat#^u#]_pejc#]o#]#

^ne`ca# ^apsaaj# atpanj]h# oqnb]_ao# ]j`# _ahho/# Ahpdkqcd# sa# d]ra# jk# `ena_p# are`aj_a# pd]p#
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_knnah]pao# pda# k^oanra`# opnq_pqn]h# _d]jcao# sepd# lnk`q_pekj# kb# bqj_pekj]h# lnkpaejo-# Ip# eo#

atla_pa`# pd]p# pdaoa# _d]jcao# ej# pda# _ahhqh]n# iknldkhkcu# ]j`# _upk]n_depa_pqna# skqh`# ^a#

pn]jo`q_a`# re]# pda# lnkrkga# kb# se`a# ]nn]uo# kb# _daie_]h# oecj]hhejc# l]pds]uo# sepd# bqnpdan#

_d]jca# ej# caja# atlnaooekj# ]j`# _ahhqh]n# bqj_pekj]hepeao/# Ij# _kjpn]op-# j]jkna_p]jchao# sepd# jk#

]hecjiajp#sdeha#cqe`ejc#pda#bkni]pekj#kb#ikna# behklk`e]#]j`#h]iahh]lk`e]#_kil]na`#pk#pda#

_kjpnkh/#Tdeo#oqccaopo#pd]p#pda#behklk`e]#_]j#atlhkna# pda#oqnnkqj`ejco#kb#pda#j]jkna_p]jchao#

sdana#bk_]h#]`daoekj#]ooai^hu#_]j#^a#k__qnna`#

Wdeha# ]# `eranoa# r]neapu# kb# _ahhqh]n# ^ad]rekno# ]na# ejbhqaj_a`# ^u# ejpacnejo# ia`e]pa`#

oecj]ho-# pda# na_nqepiajp# ]j`# _hqopanejc# kb# ejpacnejo# qoq]hhu# k__qno# ^u# ]# r]op# jqi^an# kb#

atpn]_ahhqh]n#]j`#ejpn]_ahhqh]n#opeiqhe#bkn#pda#]j_dknejc#]j`#bk_]h#]`daoekj#bkni]pekj#[49-#4;\/#

Ijpacnejo# ]na# dapank`eiane_# na_alpkno# pd]p# ]na# naolkjoe^ha# bkn# pn]joiai^n]ja# oecj]h#

pn]jo`q_pekj# bnki# pda# oqnnkqj`ejc# j]pera# ECM# pk# pda# _ahh/# Tda# atpn]_ahhqh]n# `ki]ej# kb#

ejpacnej# ^ej`o# pk# ola_ebe_# ikpebo# ej# pda# ECM-# sdeha# pda# _upklh]oie_# `ki]ej# eo# ]ook_e]pa`#

sepd# pda#]_pej# _upkogahapkj#]j`#kpdan#]bbehe]pa`#lnkpaejo/#Fkn#at]ilha-# ejpacnej##2#na_alpkno#

]na# hegahu# ejrkhra`# ej# pda# i]ejpaj]j_a#]j`# `arahkliajp# kb# ola_ebe_# _ahh# ]n_depa_pqnao/#Tda#

iqhpelhe_epu# ]j`# bqj_pekj]hepu# kb# ejpacnej##2# atlnaooekj# ej#dal]pe_# _ahho# oq_d#]o#HalG3#d]o#

^aaj#lnarekqohu#nalknpa`#[51\/#Nj]kl]ppanj#sepd#]#opne]pa`#]lla]n]j_a#]hpana`#pda#atlnaooekj#

kb#ejpacnej##2#ikna#pd]j#pda#kpdan#oq^opn]pao#)j]jkna_p]jchao#]j`#]#bh]p#oqnb]_a*-#oqccaopejc#

pd]p# pda# ik`ebe_]pekj# ej# lduoe_]h# pn]epo# kb# oq^opn]pa# _kqh`# ^a# naolkjoe^ha# bkn# ]hpan]pekj# ej#

_ahhqh]n#^ad]rekno/#Tdeo#eo#ej#_knnaolkj`aj_a#sepd#pda#lnarekqohu#nalknpa`#naoa]n_d-#ej#sde_d#

Ijpacnej# "3#2# na_alpkno# na_kcjeva# _khh]caj# be^neho#sepd# ]# decdhu# kn`ana`# ]n_depa_pqna# ikna#

pd]j# _khh]caj# ikjkiano# sepd# kjhu# qjemqa# lalpe`a# ikpeb# _kjoamqajphu# ]hpana`# pda# _ahhqh]n#

]`daoekj#[52\/#

Tda# ejbhqaj_a# kb# pda# j]jkl]ppanj# kj# j]pqn]hhu# bknia`# ]j`# ]ooai^ha`# ECM# s]o#
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ejraopec]pa`-# oej_a# HalG3# _ahho# ejj]pahu# `alkoep# ]j`# ]ooai^ha# be^nehh]n# `ajoa# japskng# kb#

_khh]caj# IV# ]j`# be^nkja_pej# [53\/# Tda# ejraopec]pekj# _khh]caj# IV# ]j`# be^nkja_pej# j]perahu#

]ooai^ha`# s]o# lanbknia`# )Fecqna# 3.23*/# Bkpd# lnkpaejo# sana# lnabanajpe]hhu# `alkoepa`# ]j`#

]ooai^ha`#ej#^apsaaj#pda#j]jkcn]pejco#_kil]na`#sepd#j]jkna_p]jchao#sepd#]#pkp]h#`eiajoekj#

kb#351# ji# kn# sepd# bh]p# oqnb]_ao/# Tdeo# oqccaopo# pd]p# pda# opne]pa`# ]lla]n]j_a# kb# pda# oqnb]_a-#

sde_d# naoai^hao# j]pera# _khh]caj# be^neho# ej# od]la# ]j`# `eiajoekjo-# s]o# naolkjoe^ha# bkn# pda#

]^qj`]jp#]ooai^hu#kb#ECM#_kilkjajpo-#]j`#pd]p#HalG3#_ahho#na_kcjeva`#pdeo#^ek.ejolena`#

ieie_#kb#j]pera#ECM#]j`#na]_pa`#]__kn`ejchu/#Ckjoamqajphu-#pda#oqlanbe_e]h#_d]n]_paneope_o#

kb# ]# ^eki]pane]h# ]na# ]j# eilknp]jp# pkkh# bkn# i]jelqh]pejc# ]j`# _kjpnkhhejc# pda# bkni]pekj# kb#

decdhu#knc]jeva`#ECM/# #

/'!6YXMV^\SYX\!

Ij# oqii]nu-# sa# b]^ne_]pa`# `eranoebea`# j]jkl]ppanjo# sepd# ola_ebe_# oqlanbe_e]h#

pklkcn]lde_]h#j]jkba]pqnao#kb#r]nekqo#oevao#]j`#od]lao#qoejc#aha_pnkj#^a]i#hepdkcn]ldu#]j`#

]pkie_#h]uan#`alkoepekj/#Oqn#naoqhpo#oqccaop#pd]p#pda#ejpan]_pekjo#kb#]#i]ii]he]j#dal]pe_#_ahh#

heja#sepd#j]jkcn]pejco-#sde_d#d]ra#dapankpnkle_#`eiajoekjo-#i]u#nacqh]pa#_ahhqh]n#bqj_pekj/#

A``epekj]hhu-#sa#_kjbenia`#pd]p#]hpan]pekj#kb#pda#od]la#kb#j]jkba]pqnao#sdeha#i]ejp]ejejc#pda#

o]ia#`eiajoekj]h#_d]n]_paneope_o#_kqh`#^a#]j# abba_pera# pkkh# pk#_kjpnkh# pda# _ahhqh]n#^ad]rekn/#

Fkn#at]ilha-#]hpan]pekj#kb#_khh]caj#be^nehh]n.hega#opnq_pqnao#bnki#]#_kjpejqkqo#heja]n#od]la#pk#

ejpanieppajp# na_p]jchao# hksana`# pda# _ahhqh]n# bqj_pekj]hepu# kb# HalG3# _ahho/# Fej]hhu-# kqn#

bej`ejco# oqccaop# pd]p#lduoe_]h#j]jk_qao-# oq_d#]o# a`ca# pk# a`ca# ol]_ejc#]j`# ba]pqna# ik`aho-#

iqop# ^a# _kjpnkhha`# bkn# ]# decdan# dal]pe_# bqj_pekj]hepeao# ej.repnk/# Tdaoa# bej`ejc# _kqh`# ^a#

qpeheva`# ej# pda# `aoecj# kb# b]_eha# ]j`# nalnk`q_e^ha# oqnb]_ao# sepd# `eopej_p# bqj_pekj]hepeao/#

I`ajpebe_]pekj#kb# pda#^aop# pklkcn]lde_]h#`eiajoekjo#]j`#_kjbecqn]pekjo#bkn#dal]pk_upa.^]oa`#
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^eki]pane]ho# iecdp# lnkre`a# pda# ^]oeo# bkn# pda# b]^ne_]pekj# kb# ola_e]heva`# oqnb]_ao# bkn#

eilh]jp]^ha#^ekna]_pkno#pk#pna]p#heran#b]ehqna-#kn#pda#atlnaooekj#kb#pdan]laqpe_#lnkpaejo/#

#

0'!EOPO[OXMO\#

[2\#Cqnpeo#ASG-#G]`ac]]n`#N-#D]h^u#MJ-#Readha#MO-#Wehgejokj#CDW-#Aep_deokj#G-#Cahho#

na]_p# pk# j]jko_]ha# kn`an# ]j`# ouiiapnu# ej# pdaen# oqnnkqj`ejc-# IEEE#Tn]jo#N]jk^eko_e/-#

3115=#4<#72.76/# #

[3\# D]h^u# MJ-# G]`ac]]n`# N-# T]na# R-# Aj`]n# A-# Readha# MO-# Hanvug# P-# Wehgejokj# CDW-#

Onabbk# ROC-# Tda# _kjpnkh# kb# dqi]j# iaoaj_dui]h# _ahh# `ebbanajpe]pekj# qoejc# j]jko_]ha#

ouiiapnu#]j`#`eokn`an-#N]pqna#M]pan/-#3118=#7<#;;8.2114/#

[4\# Ykq# M.H-## Ks]g# MK-## Kei# D.H-# Kei# K-# Lar_dajgk# A-# Kei# D.Y-# Sqd# K.Y-#

Sujanceope_]hhu# Ejd]j_a`# Oopakcaje_# Debbanajpe]pekj# kb# Hqi]j# Maoaj_dui]h# Spai#

Cahho# ^u# Cqhpqna# kj# N]jkopnq_pqna`# Sqnb]_ao# sepd# Ij`q_pekj# Ma`e]-#

Beki]_nkikha_qhao-#3121=#22<#2967.2973/#

[5\#Lqg]odar#ME-## Wan^#Z-#ECM#oecj]hhejc<# kn_daopn]pejc# _ahh# ^ad]rekn# ]j`# ieo^ad]rekn-#

Tnaj`o#Cahh#Bek/-#2;;9=#9<#548.552/#

[6\#P]iqh]#E-#Da#Cqlana#V-#Dqbnaja#YF-#Rkqtdap#PG-#N]jko_]ha#knc]jev]pekj#kb#]`okn^a`#

_khh]caj<#Ijbhqaj_a#kb#oq^opn]pa#du`nkldk^e_epu#]j`#]`oknlpekj#peia-#J/#Ckhhke`#Ijpanb]_a#

S_e/-#3115-#382-#91.;2/#

[7\#Bkva_#L-#r]j#`anHaef`aj#G-#Hknpkj#M-#Ckhh]caj#Fe^neho<#N]jko_]ha#Rklao-#Beklduo/#J/-#

3118=#;3<81.86/# #

[8\# W]jc# N-## Ijc^an# DE-# Ckjpnkh# kb# _upkogahap]h# ia_d]je_o# ^u# atpn]_ahhqh]n# i]pnet-# _ahh#

od]la-#]j`#ia_d]je_]h#pajoekj-#Beklduoe_]h#J/-#2;;5=#77<#3292.329;/#
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[9\#A^n]io#GA-#Gkk`i]j#SL-#Na]hu#PF-#Fn]j_k#M-#Mqnldu#CJ-#N]jko_]ha# pklkcn]ldu#kb#

pda#^]oaiajp#iai^n]ja#qj`anhuejc#pda#_knja]h#alepdaheqi#kb#pda#ndaoqo#i]_]mqa-#Cahh#

Teooqa#Rao/-#3111-#3;;-#4;.57/# #

[;\#Hknj^ancan#LK-## Sejcdnku#S-## C]r]hha.G]nne`k#T-#To]jc#W-## Kaahau#F-## R]^ejkrep_d#M-#

Sujpdaoeo#kb#Etpn]_ahhqh]n#M]pnet# ]j`# A`daoekj#Tdnkqcd##2# Ijpacnejo#Ana#Cnepe_]h# bkn#

Fap]h#Vajpne_qh]n#Muk_upa#Pnkheban]pekj-#Cen_qh]pekj#Rao/-#3111=#98<#619.626/# #

[21\#Wq#C-#Da`d]n#S-# Ijpacnej.hejga`#gej]oa# )ILK*#]j`# epo# ejpan]_pkno<# ]#jas#l]n]`eci# bkn#

pda# _kqlhejc# kb# atpn]_ahhqh]n# i]pnet# pk# ]_pej# _upkogahapkj# ]j`# oecj]hejc# _kilhatao-# J/#

Cahh#Bek/-#3112=#266<#616.621/#

[22\# Becco# MJP-# Rep_d]n`# RG-# D]h^u# MJ-# N]jkpklkcn]lde_]h# ik`ebe_]pekj<# ]# nacqh]pkn# kb#

_ahhqh]n# bqj_pekj# pdnkqcd# bk_]h# ]`daoekjo-#N]jkia`<#N]jkpa_djkh#Bekh#Ma`/-# 3121=#7<#

72;.744#

[23\# M]j`ao# PM-# _ahhqh]n# j]jkpa_djkhkcu# ieie_gejc# ^ekhkce_]h# ejpanb]_ao# ]j #̀ oi]npan-#

Cdai#Sk_#Rar/-#3124=#53<#;318.;329/#

[24\#T]g]u]i]#G-#T]jecq_de#A-#Og]jk#T-#I`ajpebe_]pekj#kb#`ebbanajpe]hhu#atlnaooa`#cajao#ej#

dal]pk_upa0aj`kpdahe]h#_ahh#_k._qhpqna#Suopai-#Teooqa#Ejc/-#3118-#24-#26;.277/#

[25\# Bkgd]ne# M-# C]nj]_d]j# RJ-## C]iankj# NR-## Pnvu^knoge# SA-# Cqhpqna# kb# HalG3# heran#

_ahho# kj# pdnaa# `eiajoekj]h# lkhuopunaja# o_]bbkh`o# ajd]j_ao# _ahh# opnq_pqna# ]j`# bqj_pekj#

`qnejc#pkte_khkce_]h#_d]hhajca-#J/#Aj]p/-#3118=#322<#678.687/#

[26\# Neode`]# Y-# T]jecq_de# A-# Ij`q_pekj# kb# ]h^qiej# atlnaooekj# ej# HalG3# _ahho# qoejc#

eiik^eheva`# oeilhebea`# na_ki^ej]jp# be^nkja_pej# lnkpaej-# Ij.repnk# Cahhqh]n# '#

Darahkliajp]h#Bekhkcu#.#Ajei]h-#3124=#5;<#511.518/#
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[27\# Hkaoo]# A-## Taqo_dan]# A-# Tdkni]jj]# A-## Aqne_d^# H-## Haehi]jj]# A-# Cqhper]pekj# kb#

dal]pki]# _ahh# heja# HalG3# kj# j]jklknkqo# ]hqiejqi# kte`a# iai^n]jao-# A_p]#

Beki]pane]he]-#3118=#4<#54.61/#

[28\# N]g]v]s]# K-# Laa# S.W-# Fqgq`]# J-# Y]jc# D.H-# Kqjep]ga# T-# Hal]pk_upa# oldanke`#

bkni]pekj#kj#]# pep]jeqi#`ekte`a#cah#oqnb]_a#]j`#dal]pk_upa# hkjc.pani#_qhpqna-#J#M]pan#

S_e<#M]pan#Ma`/-#3117=#28<#46;.475/#

[29\#Ajoahia#K-#Oopak^h]op#]`daoekj#kj#^eki]pane]ho-#Beki]pane]ho-#3111=#32<#778.792/# #

[2;\#Kq^k#K-#Toqgeiqn]#N-# # Is]o]#F-#Uajk#T-#S]nqs]p]ne#L-#Aep]#H-#Cdekq#W-#Oc]s]#T-#

Cahhqh]n# ^ad]rekn# kj# TeO3# j]jkjk`qh]n# opnq_pqnao# ej# ]# ie_nk.pk.j]jko_]ha# dean]n_du#

ik`ah-#Beki]pane]ho-#311;=#41<#642;.643;/# #

[31\# W]jc# P.Y-## Yq# J-## Lej# J.H-## To]e# W.B-# Mk`qh]pekj# kb# ]hecjiajp-# ahkjc]pekj# ]j`#

_kjpn]_pekj#kb#_]n`ekiuk_upao#pdnkqcd#]#_ki^ej]pekj#kb#j]jkpklkcn]ldu#]j`#nece`epu#kb#

oq^opn]pao-#A_p]#Beki]pan/-#3122=#8<#4396.43;4/# #

[32\#Munj]#KE-#Maj`kjo]#R-#Rqooahh#P-#Pkp#SA-#Leheajoeag#SJ-#Jaopan#JV-#Na]hau#PF-#Bnksj#

D-#Mqnldu#CJ-#Sq^opn]pqi#Tklkcn]ldu#Mk`qh]pao#Cknja]h#Fe^nk^h]op#pk#Mukbe^nk^h]op#

Tn]jobkni]pekj-#IOVS/-#3123=#64<#922.927/#

[33\#To]e#W.B-#Lej#J.H-#Mk`qh]pekj#kb#iknldkhkcu#]j`#bqj_pekjo#kb#dqi]j#dal]pk^h]opki]#

_ahho#^u#j]jk.cnkkra`#oq^opn]p]-#A_p]#Beki]pan/-#311;=#6<#2553.2565/#

[34\#Pnk`]jkr#L-#L]iano#E-#Dki]joge#M-#Lqppca#R-#J]joaj#JA-#W]h^kkiano#XF-#Tda#abba_p#

kb# j]jkiapne_# oqnb]_a# patpqna# kj# ^kja# _kjp]_p# pk# pep]jeqi# eilh]jpo# ej# n]^^ep# pe^e]-#

Beki]pane]ho-#3124=#45<#3;31.3;38#

[35\# Bqncaoo# A-## Vecjankj# S-## Bnekq`ao# E-## L]^^� # J.C-## Lkn_]# T-## C]opnk# A-# Lkoo# kb#

dqi]j#Gna]ps]hh#naoqhpo#ej#G3#]nnaop#]j`#iqhpelha#iepkpe_#`aba_po#`qa#pk#`anacqh]pekj#kb#

pda#_u_hej#B.C`_30PP3A#^]h]j_a-#Pnk_#N]ph#A_]`#S_e/-#3121=#218<#23675.2367;/#
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[36\#Hannai]#H-## Cv]fgksog]#D-## Td� ]n`#D-#r]j#`an#Wkq`aj#JM-## K]he_d]n]j#D-#Zkhcd]`n#

B-## Hkagopn]# D-# r]j# IJvaj`kknj# SCD-# Rdk# Kej]oa-# Mukoej.II-# ]j`# l53055# MAPK#

Ckjpnkh#Etpn]_ahhqh]n# M]pnet.ia`e]pa`# Ale_]h#Beha#C]j]he_qh]n#Lqiaj#Mknldkcajaoeo#

ej#HalG3#Cahho-#Mkh#Bek#Cahh/-#3117=#28<#43;2.4414/#

[37\# Bappejcan# CJ-# Kqhec# KM-# V]_]jpe# JP-# N]jkb]^ne_]pa`# Ckhh]caj.Ijolena`# Sujpdape_#

Eh]opkiano# bkn# Pnei]nu# R]p# Hal]pk_upa# Cqhpqna-# Teooqa# Ejc<# P]np# A-# 311;=26<#

2432.243;/#Rk^anp#L]jcan-#S_/D/-5#]j`#Jabbnau#T/#BknajopaejZdq#B-#Lq#Q-#Yej#J-#Hq#J-#

W]jc#Z-#Ahecjiajp#kb#kopak^h]op.hega# _ahho#]j`#_ahh.lnk`q_a`#_khh]caj#i]pnet# ej`q_a`#

^u# j]jkcnkkrao-# Teooqa# Ejc/-# 3116=# 22<# 936.945=# Panqi]h# S-# Ajpelkr]# O-# Oncah# JP-#

Ckhh]caj# be^neh# ]n_depa_pqna-# `ki]ej# knc]jev]pekj-# ]j`# pnelha.dahe_]h# _kjbkni]pekj#

ckranj#epo#lnkpakhuoeo-#Pnk_#N]ph#A_]`#S_e/-#3119=#216<#3935.393;/#

[38\#Beah]#SA-## Sq#Y-## Sl]pv#JP-## Kaigaian#R-#Debbanajp#oajoeperepu#kb#dqi]j#aj`kpdahe]h#

_ahho-#oikkpd#iqo_ha#_ahho#]j`#be^nk^h]opo#pk#pklkcn]ldu#ej#pda#j]jk}ie_nk#n]jca-#A_p]#

Beki]pane]he]-#311;=#6<#3571.3577/#

[39\#P]j#F-#Zd]jc#M-#Wq#G-#L]e#Y-#Gna^an#B-#S_d� han#HR-#Cde#L-#Tklkcn]lde_# abba_p#kj#

dqi]j# ej`q_a`# lhqnelkpajp# opai# _ahho# `ebbanajpe]pekj# pks]n`o# jaqnkj]h# heja]ca-#

Beki]pane]ho-#3124=#45<#9242.924;/#

[3;\#Kqh]jc]n]#K-#Y]jc#Y-#Y]jc#Y-#Lakjc#KW-#N]jkpklkcn]ldu#]o# ik`qh]pkn#kb#dqi]j#

iaoaj_dui]h#opai#_ahh#bqj_pekj-#Beki]pane]ho-#3123=#44<#5;;9.6114/# #

[41\# Y]jc# K-# Jqjc# K-# Kk# E-# Kei# J-# P]ng# KI-# Kei# J-# Cdk# S.W-# N]jkpklkcn]lde_]h#

M]jelqh]pekj# kb# Fk_]h# A`daoekj# Fkni]pekj# bkn# Ejd]j_a`# Debbanajpe]pekj# kb# Hqi]j#

Naqn]h#Spai#Cahho-#ACS#Allh#M]pan#Ijpanb]_ao/-#3124=#6<#2163;.21651/#

[42\#Zdq#B-#Zd]jc#Q-#Lq#Q-#Xq#Y-#Yej#J-#Hq#J-#W]jc#Z-#N]jkpklkcn]lde_]h#cqe`]j_a#kb#C7#

cheki]#_ahh#]hecjiajp#]j`#kneajpa`#cnkspd-#Beki]pane]ho-#3115=#36<#5326.5334/#
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[43\# L]iano# E-# W]h^kkiano# XF-# Dki]joge# M-# pa# Reap# J-# r]j# Dahbp# FCMJM-# Lqppca# R-#

Wejjq^op# LAJA-# G]n`ajeano# HJGE-# J]joaj# JA-# Tda# ejbhqaj_a# kb# j]jko_]ha# cnkkra`#

oq^opn]pao# kj# kopak^h]op# ^ad]rekn# ]j`# atpn]_ahhqh]n# i]pnet# `alkoepekj-# Beki]pane]ho-#

3121=#42<#4418.4427/#

[44\#L]iano#E-#W]h^kkiano#XF-#Dki]joge#M-#Pnk`]jkr#L-#Maheo#J-#Lqppca#R-#Wejjq^op#L-#

Aj`anokj# JM-# G]n`ajeano# HJGE-# J]joaj# JA-# Ij.repnk# ]j #̀ BE#LBLF# ar]hq]pekj# kb# pda#

ejbh]ii]pknu# naolkjoa# pk# j]jko_]ha# cnkkra`# oq^opn]pao-# N]jkia`<# N]jkpa_djkh# Bek#

Ma`/-#3123=#9<419.428/#

[45\# Beah]# SA-#Sq# Y-## Sl]pv# JP-## Kaigaian# R-#Debbanajp# oajoeperepu# kb# dqi]j# aj`kpdahe]h#

_ahho-#oikkpd#iqo_ha#_ahho#]j`#be^nk^h]opo#pk#pklkcn]ldu#ej#pda#j]jk}ie_nk#n]jca-#A_p]#

Beki]pan/-#311;=#6<#3571.3577/#

[46\# Fn]oan# SA-# Tejc# Y-# M]hhkj# KS-#Waj`p#AE-# Mqnldu# CJ-# Na]hau# PF-#Sq^.ie_nkj# ]j`#

j]jko_]ha# ba]pqna# `alpd# ik`qh]pao# ]hecjiajp# kb# opnki]h# be^nk^h]opo# ]j`# _knja]h#

alepdahe]h#_ahho#ej#oanqi.ne_d#]j`#oanqi.bnaa#ia`e]-#J#Bekia`#M]pan#Rao#P]np#A/-#3118=#

97A<#836.846/#

[47\# Taetaen]# AI-## A^n]io# GA-## Banpe_o# PJ-# Mqnldu# CJ-# Na]hau# PF-# Elepdahe]h# _kjp]_p#

cqe`]j_a#kj#sahh.`abeja`#ie_nk.#]j`#j]jkopnq_pqna`#oq^opn]pao-#J/#Cahh#S_e/-#3114=#227<#

2992.29;3/#

[48\#Lkao^anc#WA-#pa#Reap#J-# # r]j#Dahbp#FCMJM-#S_d� j#P-#Fec`kn#CG-#Slahhan#S-#r]j#Lkkj#

GGWA-# W]h^kkiano# XF-## J]joaj# JA-# Tda# pdnaodkh`# ]p# sde_d# oq^opn]pa# j]jkcnkkra#

`eiajoekjo# i]u# ejbhqaj_a# be^nk^h]op# ]hecjiajp# ]j`# ]`daoekj-# Beki]pane]ho-# 3118=# 39<#

4;55.4;62/#

[49\# Lqmqa# A-# Gkiav# M-# Pqvkj# W-# T]g]`]# Y-#S]j_dav.M]`ne`# F-#C]^]j]o# C-# A_per]pa`#

Ckjbkni]pekjo# kb# Vanu# L]pa# A_per]pekj# Ijpacnejo# Dapa_pa`# ^u# ]# Gnkql#kb# Ajpe^k`eao#



� � �

)HUTS*#Sla_ebe_#bkn#]#Nkrah#Racqh]pknu#Racekj)466.536*#kb#pda#Ckiikj##2#Cd]ej-#J#

Bekh#Cdai/"!2;;7=#382<22178.22186/# #

[4;\#Gkiav#M-#Lqmqa#A-#`ah#Pkvk#MA-#Hkcc#N-#S]j_dav.M]`ne`#F-#C]^]j]o#C-#Fqj_pekj]h#

nahar]j_a# `qnejc# huildk_upa# iecn]pekj# ]j`# _ahhqh]n# hk_]hev]pekj# kb# ]_per]pa`# #2#

ejpacnejo-#Eqn#J#Iiiqjkh/-#2;;8=#38<#9.27/#

[51\# M]poqikpq# A-# An]k# S-# Opoqge# M-# Rkha# kb# #2# ejpacnejo# ej# ]`daoekj# ]j`# ejr]oekj# kb#

dal]pk_ahhqh]n#_]n_ejki]#_ahho-#Hal]pkhkcu"2;;;=#3;<#79.7;/#

[52\#Jkgejaj#J-#D]`q#E-#Nugreop#P-#g]luh]#J-#Wdepa#DJ-#Ir]og]#J-#Vadreh]ejaj#P-#Raqj]jajp#

H-# L]nf]r]# H-# H]ggejaj# L-# Haejk# J-# Ijpacnej.ia`e]pa`# Cahh# A`daoekj# pk# Tula# I#

Ckhh]caj#Fe^neho-#J#Bekh#Cdai/-#3115=#38;<#42;67.#42;74/#

[53\# Bkqi]# M.E-#Rkcean# E-#Vanpdean# N-## L]^]nna# C-#Fah`i]jj# G-# Fqnpdan# _ahhqh]n#

ejraopec]pekj# kb# pda# dqi]j# dal]pk^h]opki].`anera`# _ahh# heja#HalG3<# Mknldkhkcu# ]j`#

eiiqjk_upk_daie_]h# opq`eao# kb# dal]pe_.oa_napa`# lnkpaejo-# Ij.repnk# Cahh# Darahkl# Bek/-#

2;9;=#36<#378.386/#

# #



� � �

#

# #
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6RKZ]O[!,!

Ijpacn]pekjo# kb# j]jkl]ppanj# )Pduoe_]h*#sepd#RGD# )Cdaie_]h*# r]ne]pekjo#

pd]p#ieie_#ECM#_qa#pk#_kjpnkh#dal]pk_ahhqh]n#^ad]rekno#

*'!F^WWK[b!

Pduoe_]h# pklkcn]lde_]h# ba]pqnao# ]j`0kn# _daie_]h# opeiqhe# pk# pda# atpn]_ahhqh]n# i]pnet#

)ECM*#lnkre`a#aooajpe]h#_qao#pd]p#i]jelqh]pa#_ahh#bqj_pekjo/#Fnki#pda#lduoe_]h#lkejp#kb#reas-#

_kjpkqna`# j]jkopnq_pqnao# ]na# eilknp]jp# bkn# pda# _ahh# ^ad]rekn# ej# cajan]h-# ]j`# bkn# _ahhqh]n#

bqj_pekjo/#Fnki#pda#_daie_]h#lkejp#kb#reas-#ECM#lnkpaejo#_kjp]ejejc#]j#RGD#oamqaj_a#]na#

gjksj#pk#]hpan#_ahh#]`daoekj#]j`#bqj_pekjo/#Ij#pdeo#opq`u-#pda#ejbhqaj_a#kb#ejpacn]pa`#lduoe_]h#

]j`#_daie_]h#_qao#kj#]#heran#_ahh#heja#)HalG3*#s]o#ejraopec]pa`/#Tk#ieie_#pda#lduoe_]h#_qao#

lnkre`a`# ^u# pda# ECM-# j]jkcn]pejco# sepd# ola_ebe_# `eiajoekj]h# ]j`# cakiapne_]h#

_d]n]_paneope_o# )j]jkcn]pejco#;1#ji#se`a#]j`#261#ji#]l]np*#sana# b]^ne_]pa`/#Tk#ieie_# pda#

_daie_]h#_qao#lnkre`a`#^u#pda#ECM-#Tda#eiik^ehev]pekj#kb#pda#RGD#ikpeb#kj#pda#oqnb]_a#kb#

oq_d#j]jkopnq_pqnao/#Tda#dal]pe_# _ahh#heja#iknldkhkce_]h#]j`#bqj_pekj]h#_d]jcao#ej`q_a`#^u#

oeiqhp]jakqohu# _ki^ejejc# pdaoa# `eranoebea`# _qao# sana# ejraopec]pa`-# ej_hq`ejc# _ahhqh]n#

]hecjiajp# ]j`# pda# atlnaooekj# kb# `ebbanajp# bqj_pekj]h# lnkpaejo/# Tda# _ki^ej]pekj# kb#

j]jkl]ppanjo#]j`#oqnb]_a#ik`ebe_]pekj#sepd#RGD#ej`q_a`#_ahhqh]n#]hecjiajp#]j`#atlnaooekj#

kb# bqj_pekj]h# lnkpaejo-# ej`e_]pejc# pd]p#lduoe_]h# ]j`# _daie_]h# _qao# ]na# eilknp]jp# b]_pkno# bkn#

ej_na]oejc#dal]pk_upa#bqj_pekj/#

#

9SQ^[O!,&*<#M]jelqh]pekj# kb#lduoe_]h# ]j`# _daie_]h# _d]n]_paneope_o# kb# oqo^pn]pao#^u# pda#

ejpacn]pekj# kb# pklkcn]ldu# sepd# pda# eiik^ehev]pekj# ]`daoera# RGD# kj# TeO3# pdej# behio#

qoejc#Ejvuia#_]p]huva`#na]_pekj/#
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+'!5KMUQ[Y^XN!

Lerejc# _ahho# ej# pdaen# j]pera# ajrenkjiajp# ]na# ai^a``a`# ej# ]# _kilhat# kb# sahh.`abeja`#

knc]je_# i]pane]h# ]j`# i]_nkikha_qhao# _]hha #̀ pda# atpn]_ahhqh]n# i]pnet# )ECM*/# Tda# ECM#

]ooai^hao# ejpk# ]# pdnaa.`eiajoekj]h# iaod# sepd# lna_eoahu# _kjpkqna`# j]jkopnq_pqnao# [2\/# Tda#

]n_depa_pqna# ]j`# _kilkoepekj# kb# pda#ECM#lnkre`a# pda# aooajpe]h# lduoe_]h# _qao# ]j`# _daie_]h#

b]_pkno#pd]p#pneccan#]j`#_kjpnkh#_ahhqh]n#^ad]rekno#[3\/#Tdeo# eo#l]npe_qh]nhu#pnqa#bkn#heran#_ahho-#

]o#pdau#jaa`#]#ola_ebe_#]n_depa_pqna#)]rke`#bh]p#]n_depa_pqna#sepd#4D#_q^e_#_kjbecqn]pekj*#sepd#

`eopej_pera# oqnnkqj`ejco# bkn# pda# i]ejpaj]j_a# kb# ejj]pa# _ahhqh]n# bqj_pekj]hepeao# ]o# pda#

lnk`q_pekj# kb# dal]pe_# lnkpaejo-# iap]^khe_# ]j`# `apktebuejc# bqj_pekjo/# A# `a_na]oa# ej#

dal]pk_ahhqh]n# bqj_pekj]hepeao# cajan]hhu# k__qno# sdaj# heran# _ahh# hejao# ]na# _qhpqna`# kj#

psk.`eiajoekj]h# oqnb]_ao# `qa# pk# pda# ]^oaj_a# kb# ECM# lnkpaejo# ]j`# _qao/# Ckhh]caj# eo# ]j#

eilknp]jp#lnkpaej#kb#ECM#pd]p#bknio#]#pnelha#dahet#opnq_pqna#pk#cajan]pa#be^ano#]llnktei]pahu#

411# ji# hkjc# ]j`# 2/6# ji# se`a# [4-5\/# Ij# ]``epekj# pk# oqnb]_a# pklkcn]ldu-# pda# _daie_]h#

_kilkoepekj# kb# pda# ECM# lh]uo# ]j# aooajpe]h# nkha# ej# pda# _kjpnkh# kb# _ahhqh]n# ^ad]rekn# [6}8\#

pdnkqcd# ejpacnej.ia`e]pa`# oecj]hejc# l]pds]uo# [9-;\/# Ijpacnejo# ]na# dapank`eiane_#

pn]joiai^n]ja# oqnb]_a# na_alpkno# pd]p# ia`e]pa# _kjja_pekjo# ^apsaaj# _ahho# ]j`# pda# ECM/#

Saran]h# ECM# lnkpaejo# ]_per]pa# ejpacnejo# pdnkqcd# `ebbanajp# ia_d]jeoio-# naoqhpejc# ej# pda#

ejpacn]pekj# kb# iqhpelha# oecj]hejc# l]pds]uo# ]j`# pdqo# `ebbanajp# _ahhqh]n# ^ad]rekno# [21-22\/#

Fe^nkja_pej-# bkn# at]ilha-# eo# ]j# ECM# lnkpaej# sepd# ]# ola_ebe_# lalpe`a# oamqaj_a-#

Ancejeja.Ghu_eja.Aol]npe_#]_e`#)RGD*-#pd]p#]hpano#_ahhqh]n#]pp]_diajp#]j`#olna]`ejc-#]o#sahh#

]o# _ahh# ejpacn]pekj# lnklanpeao# [23\# Tda# ]ook_e]pekjo# kb# lalpe`a# oamqaj_ao# ej# r]nekqo#

^eki]pane]h#oqnb]_ao#d]ra#^aaj#nalknpa`#pk#ej_na]oa# pda#atlnaooekj#kb#dal]pk_ahhqh]n#lnkpaejo#

]j`#^eki]ngano[24\/#Cha]nhu-#^kpd#pklkcn]lde_]h#ba]pqnao#]j`#_daie_]h#opeiqhe#]bbkn`a`#^u#pda#

ECM# _]j# ^a# _kjoe`ana`# ej`alaj`ajphu# ]o# eilknp]jp# b]_pkno# pd]p# aj]^ha`# pda# _kjpnkh# ]j`#
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i]jelqh]pekj#_ahh#iknldkhkcu#[25\-#ha]`ejc#pk#]hpan]pekjo#ej#iecn]pekj#[26\-#lnkheban]pekj#[27\-#

]j`#_upkogahapkj#knc]jev]pekj#[28\/#

Saran]h# nalknpa`#naoa]n_d# pnea`#pk#ieie_#ECM#_khha_perahu#[29\#kn#oal]n]pahu#[2;\#qoa#

r]nekqo#pulao#kb#_qao-#d]o#^aaj#aop]^heoda`#]p#pda#_ahhqh]n#harah/#Tdaoa#pa_djemqao#ejrkhra#pda#

qoa# kb# _k._qhpqna# ouopaio# [31\-# lkhuiano# [32\-# na_ki^ej]jp# lnkpaejo# [33\# ]j`# ejknc]je_#

_kilkqj`o#[34\#]j`#d]ra#naoqhpa`#ej#pda#`arahkliajp#kb#bqj_pekj]heva #̀^eki]pane]ho#pd]p#_]j#

_kjpnkh#_ahhqh]n#^ad]rekno/#Ob#l]npe_qh]n#ejpanaop#eo#pda#qoa#kb#TeO3#`alkoepa`#pdej#behio-#sde_d#

lnkre`a# ]# oecjebe_]jp# ejpanb]_a# bkn# pda# nacqh]pekj# kb# dal]pk_upao# ]pp]_diajp# ]j`# oq^oamqajp#

bqj_pekj# [35\/# Fhate^ha# oqnb]_a# ik`ahejc# ]j`# ^ekbqj_pekj]hev]pekj-# ]o# sahh# ]o# pda# ]^ehepu# pk#

_kjpnkh#pde_gjaoo-#]na#pda#i]ej#]ppn]_pekjo#kb#qoejc#pdaoa#behio#ej#peooqa#ajcejaanejc#naoa]n_d/#

Ckjoamqajphu-# pda#]^ehepu# pk#i]jelqh]pa#]#^eki]pane]h# pk#lnkre`a#]#_kjpnkhha`#oqnb]_a# patpqna#

]j`#_daie_]h#_kilkoepekj#skqh`#]hhks#_ahhqh]n#bqj_pekjo#pk#^a#ej_na]oa`-#]o#pdeo#^eki]pane]h#

skqh`#lnkre`a#lduoe_]h#]j`#_daie_]h#_qao#pk#pneccan#r]nekqo#^ekhkce_]h#naolkjoao/#

Tda# nkha# kb# `eiajoekj]h# ]j`# cakiapne_]h# _d]n]_paneope_o# kb# j]jkba]pqnao# kj#

dal]pk_ahhqh]n# ^ad]rekno# d]o# ^aaj# `ao_ne^a`# ej# lnarekqo# _d]lpan# ej# sde_d# pklkcn]ldu#

i]jelqh]pekj# qoejc# EBL# ]j`# ALD# odksa`# ]j# ejpanaopejc# nkha# ej# pda# ]hpan]pekj# kb# dal]pe_#

bqj_pekj]hepeao/# Tda# qpehev]pekj# kb# b]^ne_]pa`# j]jkopnq_pqnao# skqh`# d]ra# oaran]h# ]`r]jp]cao#

_kil]na`#pk#qpehev]pekjo#kb#j]pqn]h#ECM#_kilkjajpo#)e/a/#japskng#kb#_khh]caj*#Ao#pda#b]_eha#

]j`#lna_eoa#_kjpnkh#kb#iknldkhkceao#]j`#`eiajoekjo-#lhqo#ep#]rke`o#pda#bh]so#]ook_e]pa`#sepd#

j]pqn]h# knecej# ^]oa`# i]pane]h# ]o# pda# lnaoaj_a# kb# ^ekhkce_]h# eilqnepeao-# kn# eiiqjkcaje_epu/#

Tdeo#qnca`#qo# pk# at]ieja# pda# ejpacn]pekj# kb#]jkpdan#gej`#kb#ECM#_qao#)e/a/-#_daie_]h#_qao*#

sepd# pda# pklkcn]ldu# )lduoe_]h# _qao*-# oej_a# lduoe_]h# ]j #̀ _daie_]h# _qao# d]ra# ^aaj# lnkraj#

ej`alaj`ajphu# pk# ajd]j_a# dal]pk_ahhqh]n#^ad]rekno/#Ckjoamqajphu-# oq_d# ejpacn]pekj#^apsaaj#

lduoe_]h#]j`#_daie_]h#_qao#sehh#_hkoahu#ieie_# pda#j]pqn]hhu#k__qnnejc#ECM#_qao#]j`#]rke`#



 � �

]ju#`n]s^]_g#]ook_e]pa`#sepd#qpehev]pekj#kb#j]pqn]h#^]oa`#i]pane]ho/#Ij#`ap]eh-#kqn#]ei#s]o#pk#

opq`u#pda#_khha_pera#ejbhqaj_a#kb#oqnb]_a#_kilkoepekj#]j #̀pklkcn]lde_]h#ba]pqnao#kb#oq^opn]pao#

kj# pda# ^ekbqj_pekj]hepu# kb# ]# dal]pe_# _ahh# heja# bkhhksa`# ^u# _kil]neokjo# ^apsaaj# dal]pe_#

_ahhqh]n#naolkjoao#]bpan#pda#qpehev]pekj#kb#oq_d#oq^opn]pao#]j`#kpdan#oq^opn]pao#sepd#d]o#kjhu#]#

oejcha#_qa#]o#pklkcn]ldu#]hkja-#kn#RGD#]hkja#kn#araj#jk#_qao#]p#]hh#)Fh]p#oqnb]_a#kn#_kjpnkh*#

]na# _kj`q_pa`/# Leppha# ]ppajpekj# d]o# ^aaj# bk_qoa`# kj# pdeo# pk# `]pa-# araj# pdkqcd# ep# eo# kb# _ha]n#

eilknp]j_a# bkn# _h]nebuejc# pda# nah]pekjodel# ^apsaaj# qjemqa# ECM# _qao# ]j`# BE#LBJHF#

lanbkni]j_a# kb# heran# _ahho/# N]jkcn]pejco# sepd# ola_ebe_# `eiajoekj]h# ]j`# cakiapne_]h#

_d]n]_paneope_o# )j]jkcn]pejco# ;1#ji#se`a#]j`#261#ji# ]l]np*#sana# b]^ne_]pa #̀ qoejc# aha_pnkj#

^a]i#hepdkcn]ldu#]j`#]pkie_# h]uan#`alkoepekj/#Wa#^aheara# pd]p#HalG3#_ahho# na_kcjeva# pdaoa#

j]jkl]ppanjo#)pkp]h#`eiajoekj#351#ji*/#Ao#]#naoqhp#kb#_ahhqh]n#na_kcjepekj-#j]jkl]ppanj#sana#

]^ha# ej`q_a# ]# _d]jca# ej# pda# _ahhqh]n# ^ad]rekn# sepd# ]j# ej_na]oa# ej# lnk`q_pekj# kb# dal]pe_#

lnkpaejo#[36\/#Tdaoa#l]ppanj#decdhu#ieie_# pda#r]ne]^ha#`e]iapano#kb# pda#be^nehh]n#opnq_pqna#kb#

_khh]caj-#ej#sde_d-#pda#ej`ere`q]h#ikha_qhao#kb#pnelha#dahe_]h#_khh]caj#]na#]nn]jca`#ejpk#!^neho#

sepd#`e]iapan#ql#pk#21#ji-#bkhhksa`#^u#]#oq^oamqajp#]nn]jcaiajp#ejpk#cna]pan#!^neho#sepd#]#

h]ncan#`e]iapan#)oaran]h#dqj`na`#ji*#[37\/#Fqnpdanikna-#pda#ej_knlkn]pekj#kb#knc]je_#ikeapeao#

sepd# ola_ebea`# _ahhqh]n# bqj_pekj]hepu# oq_d# ]o# RGD# ikpebo# ejpk# pda# TeO3# ejknc]je_# behi#

`alkoepa`#kj#oqnb]_a#kb#j]jkl]ppanj#s]o#]__kilheoda`#qoejc#]j#ajvuia#_]p]huva`#kte`]pekj#

na]_pekj/# Tda# iknldkhkce_]h# ]j`# bqj_pekj]h# _d]jcao# ej`q_a`# ej# dal]pe_# _ahh# hejao# ^u#

oeiqhp]jakqohu# _ki^ejejc# pda# `eranoebea`# _qao# sana# ejraopec]pa`=# bkn# at]ilha-# _ahhqh]n#

]hecjiajp#]j`#pda# atlnaooekj#kb#`ebbanajp# bqj_pekj]h#lnkpaejo#sana#opq`ea`#qoejc#bhqknao_ajp#

eiiqjkop]ejejc#pa_djemqao/# #

#

#
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Eha_pnkj#^a]i#hepdkcn]ldu#)EBL*#]j`#]pkie_# h]uana`#`alkoepekj# )ALD*#sana#qoa`# pk#

lnk`q_a#`eiajoekj]hhu#sahh.`abeja`#j]jkcn]pejco#_k]pa`#sepd#pdej#behi#kb#TeO3-#]j`#pdaj#pda#

RGD# lalpe`a# s]o# eiik^eheva`# qoejc# ]j# ajvuia# _]p]huva`# na]_pekj/# Tda# abba_po# kb#

oeiqhp]jakqohu# _ki^ejejc# pdaoa# lduoe_]h# ]j`# _daie_]h# _qao# ]j`# pdaen# ejbhqaj_a# kj# HalG3#

naolkjoao#sana#ejraopec]pa`#kran#]#odknp#peia#_kqnoa/#

!
! ! GKLVO!,&*<# # V]nekqo#oq^opn]pao#qoa #̀sepd#oejcha#kn#iqhpelha#_qao#pk#`apa_p#pdaen#nkha#ej# # # #
# # pda#]hpan]pekj#kb#_ahhqh]n#^ad]rekno/# #

#

,'*!6RK[KM]O[ScK]SYX!YP!\^L\][K]O\!`S]R!W^V]SZVO!M^O\!

# # # # Tda#j]jkcn]pejco#;1#ji#se`a#]j #̀261#ji#]l]np#sana#b]^ne_]pa`#^u#EBL#]j`#ALD/#Tda#

od]la-# `eiajoekjo# ]j`# pklkcn]lde_]h# ba]pqnao# kb# pda# b]^ne_]pa #̀ j]jkl]ppanjo# sana#

_d]n]_paneva`# ^abkna# ]j`# ]bpan# eiik^ehev]pekj# kb# pda# lalpe`a# ^u# ]pkie_# bkn_a# ie_nko_kla#

)AFM*#)Fecqna#4.3*/# #

#

9SQ^[O!,&+<#4D#AFM#ei]cao#kb#j]jkl]ppanj#̂ abkna#]j`#]bpan#pda#eiik^ehev]pekj#kb#RGD#sepd#

pda#be`ahepu#kb#opnq_pqnao/# #

Tda# od]la# ]j`# `eiajoekjo# kb# pda# j]jkcn]pejco# sana# jkp# ]bba_pa`# ^u# lalpe`a#

eiik^ehev]pekj-#sde_d#eo#eilknp]jp-#]o#pda#i]ejpaj]j_a#kb# pklkcn]ldu#s]o#]#gau#_kj_anj#ej#
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pdeo# opq`u/#Palpe`a# eiik^ehev]pekj#]j`# oqnb]_a# _d]n]_paneope_o#sana# _kjbenia`# qoejc# peia#kb#

bhecdp.oa_kj`]nu# ekj# i]oo# ola_pnko_klu# )TOF.SIMS*#]j`#X.n]u#ldkpkaha_pnkj# ola_pnko_klu#

)XPS*#)Fecqna#4.4A}C*/#Tule_]h#]iejk#]_e`o#lnk`q_a`#^u#bn]ciajp]pekj#kb#pda#lalpe`a#)e/a/-#

Ghu_eja-# Ancejeja-# Aol]npe_# ]_e`*# sana# ]ooecja`# ^u# pdaen# i]oo# ola_pn]h# oecj]ho# ]j`# ]na#

lnaoajpa`# ej#Fecqna#4.4A/#Tdaoa# _d]n]_paneope_# bn]ciajpo#sana# jkni]heva`#]j`#_kil]na`# pk#

pda#_kjpnkh#)Tda#TeO3#oq^opn]pa#pd]p#s]o#oq^fa_pa`#pk#pda#o]ia#lnk_a`qna#sepdkqp#lnaoaj_a#kb#

lalpe`a*#pk#`apanieja#eiik^ehev]pekj#ejpajoepeao#^apsaaj#3#oq^opn]pao#)Fecqna#4.4B*/# #

#

9SQ^[O! ,&,# )A*# Teia.kb.Fhecdp# Sa_kj`]nu# Ikj# M]oo# Sla_pnkiapnu# )TkF.SIMS*#
_kjbenia`#pda#]pp]_diajp#kb#RDG#lalpe`a#kj#pda#`alkoepa`#TeO3#behi-#_kjpnkh#eo#]#TeO3#
oq^opn]pa# oq^fa_p# pk# pda# o]ia# eiik^ehev]pekj# opalo# sepdkqp# lnaoaj_a# kb# RGD/# Tda#
ola_ebe_#bn]ciajp#l]ppanj#cajan]pa`#^u#naikr]h#kb#ej ère`q]h#]iejk#]_e`o#bnki#lalpe`a#eo#
odksj# ej# pda# hksan# l]jaho/# )Ghu_eja# D0O# 41/15# q<CH5N

,
-# Ancejeja# D0O# 211/18#

q<C5H21N
,
-# Aol]npe_# ]_e`# D0O# 99/19# q<C4H7NO3

,
*=# )B*# Tule_]h# la]g# n]pek# kb# ]iejk#

]_e`o# jkni]heva`# ^u# pkp]h# ekjo=# )6*# XPS# ola_pn]=# se`a# o_]j# kb# N2o# ola_pn]# kb# TeO3#
_k]pa`#oqnb]_ao#^abkna#]j`#]bpan#pda#eiik^ehev]pekj#kb#lalpe`a/#Ijoap<#]#decd.naokhqpekj#
o_]j#kb#N2o/#

Tda# _daie_]h# ]pkie_# _kilkoepekj# kb# pda#RGD.eiik^eheva`# ej# TeO3# _k]pa`# oq^opn]pa#
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s]o#ejraopec]pa`#qoejc#XPS/#Fecqna#4.4C#odkso#pda#]lla]n]j_a#kb#N2o#oecj]ho#]bpan#lalpe`a#

eiik^ehev]pekj#pk#TeO3#oqnb]_ao-#sde_d#]na#]^oajp#ej#pda#_kjpnkh/#Hecd.naokhqpekj#N2o#ola_pn]#

pd]p# _kjbenia`# pda# eiik^ehev]pekj# kb# RGD# kj# pda# TeO3# oq^opn]pa# eo# odksj# ej# pda# ejoap# ej#

Fecqna#4.4C/#Tdqo-#pdaoa#atlaneiajpo#sana#qoa`#pk#_kjbeni#pda#eiik^ehev]pekj#kb#RGD#kran#

pda#j]jkl]ppanj/#

,'+'!=XPV^OXMO!YX!P^XM]SYXKV!Z[Y]OSX!OaZ[O\\SYX!

Tda# atlnaooekj# kb# dal]pe_# bqj_pekj]h# lnkpaejo# eo# opeiqh]pa`# ^u# j]pqn]hhu# k__qnnejc#

ECM/#Tdanabkna-#sa#at]ieja`# pda# ejpacn]pekj#kb#lduoe_]h# ]j`# _daie_]h# b]_pkno# oeiqh]pejc#

j]pera# ECM# pk# _kjpnkh# _ahhqh]n# ^ad]rekno/# Tda# ejbhqaj_a# kb# pklkcn]ldu# ]j`# oqnb]_a#

_daieopnu#kj#_ahho#s]o#`apanieja`#^u#ejraopec]pejc#oq^opn]pao#pd]p#_ki^eja#^kpd#b]_pkno/#

#

($'$&$!+CJ>H9JBFEI!BE!9C;KDBE!>MGH>IIBFE!

Fhqknao_aj_a#eiiqjkop]ejejc#kb#]h^qiej#s]o#lanbknia`#]bpan#HalG3#_qhpqnejc#bkn#23#

d-# bkhhksa`#^u#at]iej]pekj#kb#cnaaj#bhqknao_ajp#]h^qiej#qj`an#]#bhqknao_aj_a#ie_nko_kla/#

Fecqnao# 4.5# odks# bhqknao_aj_a# ie_nkcn]ldo# kb# HalG3# _ahho# _qhpqna`# bkn# 23# d# kj# bh]p# ]j`#

l]ppanj# oq^opn]pao# sepd# ]j`# sepdkqp# RGD# eiik^ehev]pekj/# Cd]jcao# ej# pda# _daie_]h#

_kilkoepekj#kb#pda#oq^opn]pa#^u#eiik^ehev]pekj#kb#pda#RGD#lalpe`a#ej_na]oa`#pda#atlnaooekj#

kb# _upklh]oi# ]j`# jq_haqo# [38\# hk_]heva`# ]h^qiej# _kil]na`# pk# oq^opn]pa# sepdkqp# RGD/#

Fqnpdanikna-# ik`qh]pekj# kb# pklkcn]ldu# sdeha# i]ejp]ejejc# pda# o]ia# oqnb]_a# _daie_]h#

bqj_pekj]hepu#_kjoe`an]^hu#ej_na]oa`#pda#atlnaooekj#kb#]h^qiej#)cnaaj#bhqknao_aj_a*/#



  �
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9SQ^[O! ,&-<# Iiiqjkbhqknao_aj_a# op]ejejc# kb# pda# dal]pe_# bqj_pekj]h# lnkpaej-# ]h^qiej#
)cnaaj# at_ep]pekj# %# ?# 559# ji*-# ej# HalG3# _ahho# _qhpqna`# kj# )A*# RGD.j]jkcn]pejc#
l]ppanj=#]j #̀)B*#j]jkcn]pejc#l]ppanj#]hkja=#]j`#)C*#RGD.bh]p#oqnb]_a#_kil]na`#pk#_ahho#
_qhpqna #̀ kj#)D*#Fh]p#oqnb]_a#]hkja#)_kjpnkh*=#)E*#Rah]pera#ia]j# bhqknao_aj_a#ejpajoepu#
_]h_qh]pa`# qoejc# Ii]ca# J# bkn# HalG3# _qhpqna`# kj# ^ekbqj_pekj]heva`# oq^opn]pao#
+Sp]peope_]h#oecjebe_]j_a#]p#)G#>#1/16*/# #

#

# A# mq]jpep]pera# _kil]neokj# kb# ]h^qiej# atlnaooekj# eo# lnaoajpa`# ej# Fecqna# 4.5E-# ej#

sde_d# sa# _]h_qh]pa`# pda# bhqknao_aj_a# ejpajoepeao# k^p]eja`# bnki# HalG3# _ahho# _qhpqna`# kqn#



 � �

paopa`# oq^opn]pao/# Oj# sde_d# RGD# j]jkcn]pejco# odksa`# ikna# pd]j# 2/7# bkh`# ej_na]oao# ej#

atlnaooekj# kb# ]h^qiej# _kil]na`# pk# RGD# bh]p# oqnb]_a-# sdeha# ep# odksa`# ja]nhu# 3# bkh`#

ej_na]oao# _kil]na`# pk# j]jkcn]pejco# ]hkja# ]j`# ja]nhu# 21# bkh`# ej_na]oao# _kil]na`# pk# bh]p#

oqnb]_a# ]hkja/# Sp]peope_]hhu-# pda# ej_na]oa# ej# ]h^qiej# atlnaooekj# s]o# oecjebe_]jp# ^]oa`# kj#

bhqknao_aj_a#ejpajoepu#_]h_qh]pekjo#]j`#_kil]na`#pk#j]jkcn]pejco#oqnb]_a#]hkja-#]j#RGD.bh]p#

oqnb]_a-#kn#]#bh]p#oqnb]_a#]hkja#)l#>#1/16*/#Tdqo-#pda#naoqhpo#oqccaop#pd]p#pda#351#ji#cn]pejco#

pklkcn]ldu# bqj_pekj]heva`# sepd# RGD# bnki# ]hh# kqn# paopa`# oq^opn]pao# _]j# ^a# _kjoe`ana`# pk#

_hkoahu#ieie_#pda#ECM#_qao#aooajpe]h#bkn#pda#atlnaooekj#kb#]h^qiej#^u#HalG3#_ahho/#

#

($'$'$!+CJ>H9JBFE!BE!JH9EI?>HHBE!>MGH>IIBFE$!

Tda# atlnaooekj# kb# pda# bqj_pekj]h# lnkpaej# pn]jobannej# s]o# `apanieja`# ]o# cnaaj#

bhqknao_aj_a# qoejc# ]j# eiiqjkop]ejejc# pa_djemqa/# Fecqnao# 4.6# bhqknao_aj_a# ei]cao# kb#

pn]jobannej# oujpdaoeva`# qlkj# _qhpqnejc# HalG3# kj# r]nekqo# ^ekbqj_pekj]heva`# oq^opn]pao/#

Tn]jobannej#atlnaooekj#oecjebe_]jphu#ej_na]oa`#)l#>#1/16*#23#d#]bpan#_qhpqnejc#HalG3#kj#pda#

RGD.j]jkcn]pejco# )Fecqna#4.6A*-#sdeha# pda#TeO3# j]jkl]ppanj#sepdkqp#RGD#odksa`# hksan#

pn]jobannej# haraho# )Fecqna#4.6B*/#Fqnpdanikna-# pda#RGD.bh]p# oqnb]_a# odksa`#]# na`q_pekj# ej#

pda#atlnaooekj#kb#pn]jobannej#_kil]na #̀pk#pda#RGD.l]ppanj#oq^opn]pa#)Fecqna#4.6C*/#Ahpdkqcd#

pn]jobannej# atlnaooekj# eo# atla_pa`# ej# HalG3# _ahho-# pda# bh]p# oqnb]_a# ]hkja# sepdkqp# RGD#

odksa`#iejei]h#pn]jobannej#sdaj#_kil]na`#nah]perahu#pk#pda#RGD.oq^opn]pa#)Fecqna#4.6D*/# #

A# mq]jpep]pera# _kil]neokj# kb# pn]jobannej# atlnaooekj# eo# lnaoajpa`# ej# Fecqna# 4.6E-# ej#

sde_d# pda# _]h_qh]pa`# pda# bhqknao_aj_a# ejpajoepeao# k^p]eja`# bnki# HalG3# _ahho# _qhpqna`# kqn#

paopa`# oq^opn]pao/# RGD# j]jkcn]pejco# odksa #̀ ikna# pd]j# 2/4# bkh`# ej_na]oa# ej# atlnaooekj# kb#

pn]jobannej# _kil]na`# pk# RGD# bh]p# oqnb]_a-# sdeha# ep# odksa`# ikna# pd]j# 4# bkh`# ej_na]oa#

_kil]na`# pk# j]jkcn]pejco# ]hkja# ]j`# ikna# pd]j# 5# bkh`# _kil]na`# pk# bh]p# oqnb]_a# ]hkja/#
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Sp]peope_]hhu-# pda# ej_na]oa# ej# pn]jobannej# atlnaooekj# s]o# oecjebe_]jp# ^]oa`# kj# bhqknao_aj_a#

ejpajoepu#_]h_qh]pekjo#]j`#_kil]na`#pk#j]jkcn]pejco#oqnb]_a#]hkja-#]j#RGD.bh]p#oqnb]_a-#kn#]#

bh]p#oqnb]_a#]hkja#)l#>#1/16*/#

#

#

9SQ^[O! ,&.<# Iiiqjkbhqknao_aj_a# op]ejejc# kb# pda# dal]pe_# lnkpaej-# pn]jobannej# )cnaaj#
at_ep]pekj# %?# 559# ji*-# ]j`# jq_haqo# )^hqa*# ej# HalG3# _ahho# _qhpqna`# kj# )A*# RGD#
.j]jkcn]pejc# l]ppanj=# ]j #̀ )B*# j]jkcn]pejc# l]ppanj# _kil]na`# pk# _ahho# _qhpqna`# kj# )C*#
RGD.bh]p#oqnb]_a#]j`#)D*#Fh]p#]hkja#)_kjpnkh*=#)E*#Rah]pera#ia]j# bhqknao_aj_a#ejpajoepu#
_]h_qh]pa`# qoejc# Ii]caJ# bkn#HalG3# _qhpqna`# kj# r]nekqo# ^ekbqj_pekj]heva`# oq^opn]pao/#
+Sp]peope_]h#oecjebe_]j_a#]p#)G#>#1/16*/#

#

($'$($!+CJ>H9JBFEI!BE!<NJF<AHFD>!5#)*%!>MGH>IIBFE!

Cupk_dnkia#P.561#lnkpaejo# ]na# ]# b]iehu# kb# daiklnkpaejo# bkqj`#lnkiejajphu# ej# heran-#

sdkoa# iai^ano# _]p]huva# pda# iap]^kheoi# kb# ]# r]neapu# kb# aj`kcajkqo# ]j`# tajk^ekpe_#

oq^opn]pao# [39\/# Sla_ebe_]hhu-# _upk_dnkia# P.561# 3C7# eo# atlnaooa`# j]pqn]hhu# ej# pda# n]p# heran#

_ahho# sepdkqp# pda# lnaoaj_a# kb# ola_ebe_# _daie_]h# ej`q_an# )e/a/-# ldajk^]n^ep]h*# [3;\# sdeha# epo#

_kqjpanl]np#_upk_dnkia#P.561#3C;#eo#atlnaooa`#ej#dqi]j#heran#_ahho/#Tdqo-#pda#atlnaooekj#kb#

_upk_dnkia#P.561#s]o#]j]huva`#]bpan#_qhpqnejc#HalG3#_ahho#kj#RGD.#j]jkl]ppanja`#]j`#bh]p#

oq^opn]pao/# Fecqnao# 4.7# odks# pda# bknia`# _upk_dnkia# P.561# # ]o# na`# bhqknao_aj_a# ejoe`a#

HalG3# _ahho# _qhpqna`# kj# TeO3# oq^opn]pao# ]bpan# 29# d/# Cahho# _qhpqna`# kj# RGD.# j]jkcn]pejco#

odksa`#]#oecjebe_]jp# ej_na]oa# ej# _upk_dnkia#P.561#)Fecqna#4.7A*#_kil]na`#pk# _ahho#oaa`a`#

kj#pda#j]jkl]ppanja`-#RGD.bh]p#oqnb]_a-#kn#bh]p#oqnb]_a#)Fecqna#4.7#B}D*/# #
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#

9SQ^[O! ,&/<# Iiiqjkbhqknao_aj_a# op]ejejc# kb# pda#dal]pe_# lnkpaej-# _upk_dnkia#P.561#3C;#
)na`#at_ep]pekj#%#?#689#ji*-#ej#HalG3#_ahho#_qhpqna`#kj#)A*#RGD#TeO3.j]jkcn]pejc#l]ppanj=#
]j`#)B*#TeO3.j]jkcn]pejc#l]ppanj=#)C*#RGD.bh]p#oqnb]_a#_kil]na`#pk#_ahho#_qhpqna`#kj#)C*#

]j`#)D*#_kjpnkh-#]nnks#da]`o#ej`e_]pa#pda#bhqknao_ajp#na`#`kpo#kb#_upk_dnkia#P.561)S_]ha#
^]n?#31qi*=#)E*#Ma]j#bhqknao_aj_a# ejpajoepu#_]h_qh]pa`#qoejc#Ii]caJ#bkn#HalG3#_qhpqna`#
kj#^ekbqj_pekj]heva`#TeO3#oq^opn]pao/#+Sp]peope_]h#oecjebe_]j_a#]p#)G#>#1/16*/#

#

A#mq]jpep]pera#_kil]neokj#kb#_upk_dnkia#P.561#atlnaooekj#eo#lnaoajpa #̀ej#Fecqna#4.6E-#

ej#sde_d#sa#_]h_qh]pa`# pda# bhqknao_aj_a# ejpajoepeao#k^p]eja`# bnki#HalG3#_ahho# _qhpqna`#kqn#

paopa`# oq^opn]pao/# Oj# sde_d# RGD# j]jkcn]pejco# odksa`# ikna# pd]j# 2/3# bkh`# ej_na]oa# ej#

atlnaooekj#kb#_upk_dnkia#P.561#_kil]na`#pk#RGD#bh]p#oqnb]_a-#sdeha#ep#odksa`#ja]nhu#3#bkh`#
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ej_na]oa# _kil]na`# pk# j]jkcn]pejco# ]hkja# ]j`#ja]nhu# 5# bkh`# _kil]na`# pk# bh]p# oqnb]_a# ]hkja/#

Sp]peope_]hhu-# pda# ej_na]oa# ej# _upk_dnkia# P.561# atlnaooekj# s]o# oecjebe_]jp# ^]oa`# kj#

bhqknao_aj_a#ejpajoepu#_]h_qh]pekjo#]j`#_kil]na`#pk#j]jkcn]pejco#oqnb]_a#]hkja-#]j#RGD.bh]p#

oqnb]_a-# kn# ]# bh]p# oqnb]_a# ]hkja# )l# ># 1/16*/# Tdaoa# naoqhpo# oqccaop# pd]p# pda# i]jelqh]pekj# kb#

pklkcn]ldu# _]j# ej`q_a# ]# _d]jca# ej# pda# atlnaooekj# kb# _upk_dnkia# P.561# haraho# sdeha#

lnaoanrejc# pda# o]ia# oqnb]_a# _daieopnu/# Fqnpdanikna-# ep# ej`e_]pa`# pda# nkha# kb# _daie_]h# _qao#

)RGD*#ej#pda#opeiqh]pekj#kb#dal]pk_ahhqh]n#bqj_pekj]hepeao/#

#

#

9SQ^[O! ,&/3# A_pej# bhqknao_ajp# op]ejejc# pk# opq`u# pda# _ahh# ]hecjiajp# ]j #̀ _upkogahap]h#
na]nn]jcaiajp#kb#HalG3#_ahho#_qhpqna`#bkn#23#d#kj#)A*#RGD.#j]jkcn]pejco#_kil]na`#pk#
)B*# j]jkl]ppanj# ]hkja-# kj# sde_d# pda# ]_pej# beh]iajpo# ]na# ]nn]jca`# l]n]hhah# pk# pda#
j]jkba]pqnao#)C*#RGD.#bh]p#oqnb]_a#]j`#)D*#Fh]p#oqnb]_a#]hkja#kn#_kjpnkh/#
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Ahpan]pekjo#ej#pklkcn]ldu#]j`#_daie_]h#oqnb]_a#_d]n]_paneope_o#_kqh`#ejbhqaj_a#_ahhqh]n#

kneajp]pekj-# ]hecjiajp# ]j`# ahkjc]pekj# ]hkjc# j]jkcn]pejco-# ej# pqnj# nacqh]pejc# _ahhqh]n#

^ad]rekno/#Tdqo-#]_pej#beh]iajp#na]nn]jcaiajpo#]j #̀ ejpacnej#ia`e]pa`# bk_]h# ]`daoekjo#sana#

opq`ea`/#

#

($($&$!+<JBE!?BC9D>EJ!H>9HH9E@>D>EJ!9E=!<>CC!+CB@ED>EJ$!

Fecqna# 4.8# odkso# pda# bhqknao_aj_a# op]ejejc# kb# ]_pej# beh]iajpo/# Tda# op]ejejc# ej`e_]pao#

pd]p# pda# opnq_pqn]h# naknc]jev]pekj# kb# HalG3# _ahho# pk# okia# atpajp# l]n]hhaho# pda# j]jkcn]pejco-#

sdeha#haoo#knc]jeva #̀_upkogahapkjo#]na#k^oanra`#ej#_ahh#_qhpqnao#cnksj#kj#RGD.bh]p#oqnb]_ao/#

Mknakran-#pdana#s]o#]#_d]jca#ej#pda#_ahhqh]n#se`pd#sdaj#_qhpqna`#kj#]j#RGD.bqj_pekj]heva`#

oqnb]_a#_kil]na`#pk#pda#j]jkl]ppanja`#oq^opn]pa#]hkja#kn#kj#]#bh]p#oqnb]_a/#

#

($($'$!3FHGAFCF@B<9C!L9HB9JBFEI!>M9DBE>=!KIBE@!I<9EEBE@!>C><JHFE!DB<HFI<FG>!

Cahhqh]n# ]hecjiajp# s]o# ejraopec]pa`# qoejc# o_]jjejc# aha_pnkj# ie_nko_kla/# Fecqna# 4.8#

odkso# _ahhqh]n# ]pp]_diajpo# l]n]hhah# pk# pda# hkjcepq`ej]h# ]tao# kb# TeO3# cn]pejco# sdeha# oq_d#

]hecja`#]nn]jcaiajpo#_]jjkp#^a#k^oanra`#ej#pda#bh]p#oqnb]_a#sepd#kn#sepdkqp#RGD/#Mknakran-#

pda# RGD.^ekbqj_pekj]hev]pekj# kb# j]jkl]ppanj# naoqhpa`# ej# ]j# ej_na]oa# ej# _ahhqh]n#

_upk]n_depa_pqna# )se`pd# ]j`# daecdp*# sdaj# _qhpqna`# kj# ]j# RGD.bqj_pekj]heva`# j]jkcn]pejco#

_kil]na`#pk#pda#j]jkl]ppanja`#oq^opn]pa#]hkja#)Fecqna#4.8E-#F*-#Wdeha#pdana#eo#jk#`ebbanaj_a#

ej#pda#lan_ajp#kb#]hecja`#_ahho#`qa#pk#eiik^ehev]pekj#kb#RGD#kj#pda#j]jkl]ppanj#)Fecqna#4.8#

G*#

#
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!

!

!

!

!

9SQ^[O!,&0<#SEM#ei]cao#kb#HalG3#_ahho#_qhpqna`#bkn#23#dno#ej#)A*#RGD.#j]jkcn]pejco#
_kil]na`#pk# )B*#j]jkcn]pejco#]hkja#]j #̀ )C*#RGD.# bh]p# oqnb]_a#)D*#bh]p#oqnb]_a#]hkja#
)Ckjpnkh*-# ejoapo# ]na# decdan# i]cjebe_]pekj# SEM# ei]cao# pd]p# odks# pda# èna_pekj# kb#

j]jkcn]pejco#]j`#pda#oejcha#_ahh#]hecjiajpo#l]n]hhah#pk#j]jkl]ppanj#hejao/#Fqnpdanikna-#
pda#ej_na]oa#ej#_ahh#se`pd#]j`#daecdp#sdana#ej`e_]pa`#ej#)E*#RGD.j]jkcn]pejco#]j`#)F*#
j]jkcn]pejco# ]hkja# sdeha# ^h]_g# ]nnks# ej`e_]pa# pda# `ena_pekj# kb# j]jkcn]pejco/# )G*#Nk#
_d]jca#ej#pda#lan_ajp]ca#kb#]hecja`#_ahho#_qhpqna`#ej#RGD#j]jkcn]pejco#]j`#j]jkcn]pejco#
]hkja/#

#

#

($($($!0EJ>@HBE!D>=B9J>=!?F<9C!9=A>IBFE!

Tda# atlnaooekj# kb# ejpacnej# #2# ]o# cnaaj# bhqknao_aj_a# qlkj# _qhpqnejc# HalG3# _ahho# kj#

j]jkcn]pejco#sepd#]#pkp]h#`eiajoekj#kb#351#ji#]j #̀ bh]p#oqnb]_a#oq^opn]pao#sepd#]j`#sepdkqp#

eiik^ehev]pekj# kb#RGD# bkn#23#d# eo# odksj# ej# )Fecqna# 4.9*/#Aj# ej_na]oa# ej# ejpacnej# #2#s]o#

k^oanra`#]bpan#_qhpqnejc#HalG3#_ahho#kj#pda#RGD#eiik^eheva`#_kjpejqkqo#cn]pejc#_kil]na`#

pk# _ahho# kj# pda# j]jkl]ppanj# ]hkja# )Fecqna# 4.9A-B*# Tdqo-# pda# ejpacn]pekj# kb# _daie_]h# ]j`#

lduoe_]h# j]jk_qao# oujanceope_]hhu# b]_ehep]pao# ejpacnej# _hqopanejc# )Fecqna# 4.9A*# ]j #̀ bqnpdan#

?4@ ?!@?A@

?B@ ?*@ ?C@

� �
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na_nqepo#lnkpaejo#pk#bk_]h#]`daoekjo/#Ahpdkqcd#pda#oujanceope_#abba_po#]na#ajd]j_a`#_kil]na`#

pk#a]_d#ej`alaj`ajp#j]jk._qa-#ej ère`q]h#pklkcn]lde_]h#kn#_daie_]h#j]jk_qao#odksa`#ja]nhu#

_kil]n]^ha#opeiqh]pekj#kb#ejpacnej#_hqopanejc#)Fecqna#4.9B-#C*/# # A#mq]jpep]pera#_kil]neokj#

kb# ejpacnejo# #2# atlnaooekj# eo# lnaoajpa`# ej# Fecqna# 4.9E-# ej# sde_d# sa# _]h_qh]pa`# pda#

bhqknao_aj_a#ejpajoepeao#k^p]eja`#bnki#HalG3#_ahho#_qhpqna`#kqn#paopa`#oq^opn]pao/#Oj#sde_d#

RGD#j]jkcn]pejco#odksa`#ikna#pd]j#3#ej_na]oa#ej#atlnaooekj#kb#ejpacnej##2_kil]na`#pk#bh]p#

oqnb]_a-# sdeha# ep# odksa`# ja]nhu# 2/6# bkh`# ej_na]oa# _kil]na`# pk# j]jkcn]pejco# ]hkja# kn#

RGD.bh]p#oqnb]_a#]hkja/#Sp]peope_]hhu-# pda# ej_na]oa# ej# ejpacnej##2#atlnaooekj#s]o#oecjebe_]jp#

^]oa`#kj#bhqknao_aj_a#ejpajoepu#_]h_qh]pekjo#]j`#_kil]na`#pk#j]jkcn]pejco#oqnb]_a#]hkja-#]j#

RGD.bh]p#oqnb]_a-#kn#]#bh]p#oqnb]_a#]hkja#)l#>#1/16*/# #

#

9SQ^[O! ,&1<#Aj#ej_na]oa# ej#ejpacnej##2#_hqopano# pd]p#ia`e]pa# bk_]h#]`daoekj# bkni]pekj#
qoejc#eiiqjkop]ejejc#kb#ejpacnej#B2#^u#Ahat].bhqkn#599#hejga`.AB#)at_ep]pekj#%#?#599#
ji*# kb# HalG3# _ahho# _qhpqna #̀ kj# r]nekqo# oq^opn]pao# kj# sde_d# )A*#RGD.j]jkcn]pejco#
odks# decd# ejpacnej# #2# _hqopano# sdeha# )B*# N]jkcn]pejco# ]hkja# odks# hks# ejpacnej# B2#
_hqopanejc#_kil]na`#pk#ep-#kj#pda#kpdan#d]j`#)C*#RGD.bh]p#oqnb]_a#odkso#decd#ejpacnej##2#
_hqopano-#ia]j#sdeha#)D*#bh]p#oq^opn]pa#]hkja#)_kjpnkh*#d]o#pda#hksaop#ejpacnej#_hqopanejc=#

]nnks# da]`o# odks# _hqopano# kb# ejpacnej# B2# ]o# cnaaj# bhqknao_ajp# `kpo/# )E*# Ma]j#
bhqknao_aj_a# ejpajoepu# _]h_qh]pa`# qoejc# ei]ca# J# bkn# ejpacenj# atlnaooekj# ]bpan# _ahho#
_qhpqna #̀bkn#23#dno#kran#r]nekqo#l]ppanj#]j`#bh]p#oq^opn]pao#sepd#kn#sepdkqp#RGD/#

#

)*+,-,.
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#

9SQ^[O!,&2<#ECM#_kilkjajpo#]ooai^ha`#^u#HalG3#_ahho#_qhpqna`#bkn#77#d#kj#r]nekqo#
oq^opn]pao/# )A*# RGD.j]jkcn]pejco-# )B*# j]jkcn]pejco# ]hkja# ]j #̀ _kil]na`# pk# )C*#
RGD.bh]p# oqnb]_a#]j`# )D*# bh]p# oq^opn]pa# kn#_kjpnkh# ]hkja/#Ra`# bhqknao_aj_a# nalnaoajpo#
_khh]caj#IV#A^#)3nu.Ahat]#bhqkn.651*-#cnaaj#bhqknao_aj_a#nalnaoajpo#be^nkja_pej#)3nu#A^#
Ahat].bhqkn.599*#]bpan#`a_ahhqh]nev]pekj#qoejc#H3O#bkn#2#d#]p#48#�C/#

($($)$!+CJ>H9JBFE!BE!E9JKH9C!>MJH9<>CCKC9H!D9JHBM!9II>D;CN! !

Tda#ejbhqaj_a#kb#j]jkl]ppanj#]j`#RGD#eiik^ehev]pekj#kj# pda# atlnaooekj#_khh]caj#IV#

]j`# be^nkja_pej# )psk# j]pqn]hhu# ]ooai^ha`# ECM# _kilkjajpo*# s]o# opq`ea`# )Fecqna# 4.;*/#

Da_ahhqh]nev]pekj# s]o# pdqo# lanbknia`# ]j`# _d]jcao# ej# pda# ]ooai^hu# kb# be^nkja_pej# ]j`#

_khh]caj# IV# sana# at]ieja`# qoejc# ]j# eiiqjkop]ejejc# pa_djemqa/# Fecqna# 4.;# odkso# pda#

]hpan]pekj#ej#pda#]ooai^hu#]j`#]hecjiajp#kb#j]pera#be^nkja_pej#]j`#_khh]caj#IV#]bpan#_qhpqnejc#

]j`# `a_ahhqh]nev]pekj# kb# HalG3# _ahho# kj# ]j# RGD.bqj_pekj]heva`# j]jkl]ppanja`# oqnb]_a#

nah]pera# pk# pda# j]jkl]ppanja`# oq^opn]pa# ]hkja-# RGD.bh]p# oqnb]_a-# ]j`# bh]p# oqnb]_a# ]hkja/# Tda#

]ooai^hu# kb# be^nkja_pej# ]j`# _khh]caj# IV# s]o# _kjoe`an]^hu# opeiqh]pa`# ]j`# ]hecja`# ej# pda#

lh]j]n# ]na]# ^apsaaj# pda# j]jkcn]pejco# kj# pda# RGD.bqj_pekj]heva`# j]jkl]ppanja`# oqnb]_a#

_kil]na`#pk#kpdan#oq^opn]pao#)Fecqna#4.;A*/# #

#

-'!8aZO[SWOX]KV!"!WO]RYNYVYQb!

-'*'!=WWYLSVScK]SYX!YP!E;7!YX!XKXYZK]]O[X!\^L\][K]O\!

Tda#b]^ne_]pekj#kb#j]jkl]ppanja`#oq^opn]pa#qoejc#aha_pnkj#^a]i#hepdkcn]ldu#]j`#]pkie_#

h]uan# `alkoepekj# s]o# ehhqopn]pa`# ej# _d]lpan# 4/# Tda# RGD# lalpe`a# )Pnkheja.Ancejeja.#
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Ghu_eja.Aol]npe_]_e`.Ghu_eja.Ghu_eja.Ghu_eja.Ghu_eja.Ghu_eja.Tunkoeja*# s]o# lqn_d]oa`#

bnki#Cdejaoa#Palpe`a#Ckil]ju#)H]jcvdkq-#Cdej]*/#Tda#lqnepu#kb#pda#lalpe`a#s]o#;6/;&#]o#

`apanieja`# ^u# decd# lanbkni]j_a# hemqe`# _dnki]pkcn]ldu# )HPLC*# ]j`# i]oo# ola_pnkiapnu/#

Tunkoej]oa# bnki# iqodnkki# )hukldeheva`# lks`an-# &2111# qjepo0ic# okhe`=# Seci].Ah`ne_d-# Sp/#

Lkqeo-#MO-#USA*# s]o#qoa`# bkn# pda#kte`]pera# na]_pekj/#Ahh# na]cajpo#sana# èookhra`# ej#PBS#

)`ehqpa`#2<21*# ]j`#opaneheva`#^u# behpn]pekj# )1/3# � i#Mejeo]np#CE-#S]pkneqo#Spa`ei-#Gkppejcaj-#

Gani]ju*/#

Tda# eiik^ehev]pekj# kb# lalpe`a# kj# pda# TeO3# oq^opn]pa# qoa`# ]j# ajvuia# _]p]huva`#

kte`]pera#na]_pekj#pk#hejg#pda#lalpe`a#pk#pda#bqj_pekj]heva`#oqnb]_a-#]o#nalknpa`#lnarekqohu#[41\/#

Fenop-# opaneheva`# TeO3# oq^opn]pao# sana# eiianoa`# ej# lalpe`a# okhqpekj# )211# !c0iL*# ]j`#

punkoej]oa#okhqpekj#)511#� 0iL*#s]o#]``a`/#Tda# eiik^ehev]pekj#na]_pekj#s]o# _]nnea`#kqp# bkn#

26#iej-#]j`#pdaj#pda#lalpe`a.eiik^eheva`#oq^opn]pao#sana#naikra`-#s]oda`#^u#eiianoekj#ej#

`eopehha`#s]pan-#]j`#]en.`nea`/#j]jkl]ppanja`#oq^opn]pao#^abkna#]j`#]bpan#RGD#eiik^ehev]pekj#

sana#_d]n]_paneva`#^u#]pkie_#bkn_a#ie_nko_klu#)SII#N]jkTa_djkhkcu#L.Tn]_a-#Tkguk-#J]l]j*#

]j`# peia# kb# bhecdp.oa_kj`]nu# ekj# i]oo# ola_pnko_klu# qoejc# ]# TRIFT# V# )YLVAC.PHI-#

Cdec]o]ge-#J]l]j*/#Fn]ciajp#l]ppanjo#cajan]pa`#bnki#]iejk#]_e`o#]hhksa`#_kjbeni]pekj#kb#pda#

]pp]_da`# oqnb]_a# lalpe`ao/# Tda# RGD# _kjfqc]pa #̀ TeO3# behio# _k]pa`# j]jkl]ppanjo# sana#

_d]n]_paneva`#^u#X.n]u#ldkpkaha_pnkj#ola_pnko_klu#qoejc#]#PHI#Qq]jpan]#SXM#)ULVAC.PHI-#

Cdec]o]ge-# J]l]j*/# F]^ne_]pa`# j]jkl]ppanja`# oqnb]_ao# sana# _d]n]_paneva`# qoejc# ]# o_]jjejc#

aha_pnkj#ie_nko_kla#)Hep]_de.S4111N-#Tkguk-#J]l]j*#]j #̀]pkie_#bkn_a#ie_nko_klu/# #

-'+'!<OZK]SM!MOVV!M^V]^[O!

HalG3# sana# _qhpqna`# ej#Dqh^a__kzo#MEM#)N]_]h]e#Taomqa-#Kukpk-# J]l]j*#sepd#21&#

da]p# ej]_per]pa`#FBS#]j`#oqllhaiajpa`#sepd#211#U#laje_ehhej0211#qc#opnalpkiu_ej#)N]_]h]e#

Taomqa-# Kukpk-# J]l]j*# lan# ih# ia`eqi/# Ahh# _ahho# sana# i]ejp]eja`# ]p# 48# �C# ej# ]# 211&#
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dqie`ebea`#]pikoldana#qj`an#6&#CO3/#Ap#81&}91&#_kjbhqaj_u-#_ahho#sana# pnuloejeva`#]j`#

oaa`a`#kran#pda#j]jkl]ppanja`#oqnb]_ao#bkn#23#kn#29#d/#Lks#`ajoepu#_ahh#sana#qoa`#ej#_qhpqna#

pk# aj]^ha# pda# at]iej]pekj# kj# ]# ]hikop# oejcha# _ahh.^]oeo/# Fkn# pda# atlnaooekj# kb# ECM#

_kilkjajpo-# _ahho# sana# _qhpqna`# bkn# 77# d# sepd# pda# ia`eqi# nalh]_a`# aranu# 44# d/# E]_d#

atlaneiajp#s]o#nala]pa`#]p#ha]op#pdnaa#peiao/#

-','!=WW^XY\]KSXSXQ!KXN!PV^Y[O\MOXMO!NO]OM]SYX!

HalG3# _ahho# _qhpqna`# kj# j]jkl]ppanja`# oq^opn]pao# sana# beta`# bkn# 26# iej# ej# 5&#

P.bkni]h`adu`a# )PFA*# ej# PBS# ]p# 5# �C# ]j`# at_aoo# ]h`adu`a# s]o# mqaj_da`# qoejc# 1/2# M#

chu_eja#bkn#6#iej/#Cahho#sana#lania]^eheva`#sepd#2&#pnepkj#X.211#ej#PBS#bkn#6#iej-#]j`#pdaj#

lnei]nu# ]jpe^k`eao# sana# ]``a`<# n]^^ep# lkhu_hkj]h# ]jpe.]h^qiej# ]jpe^k`u.C.paniej]h# `ehqpa`#

2<36# )A^_]i-# C]i^ne`ca-# UK*-# n]^^ep# lkhu_hkj]h# ]jpe.pn]jobannej# ]jpe^k`u# `ehqpa`# 2<611#

)A^_]i-#C]i^ne`ca-#UK*-#ikqoa#ikjk_hkj]h#]jpe._upk_dnkia#P.561#3C7#]jpe^k`u#2#qc0iL#

)A^_]i-# C]i^ne`ca-# UK*-# CD3;# ikqoa# ]jpe.dqi]j# iA^.ALat]# Fhqnk�# 599# _kjfqc]pa#

`ehqpa`# 2<211# )Leba# Ta_djkhkceao# Ijrepnkcaj-# Eqcaja-# OR-# USA*# bkn# ejpacnej# B2# ]p# 5# �C#

kranjecdp/#Natp-#oa_kj`]nu#]jpe^k`eao#sana#]``a`#bkn#2#d<#Ahat]#Fhqkn�#679#ck]p#]jpe.ikqoa#

IcG# )H,L*# )Ha]ru#,#Lecdp# _d]ejo*# `ehqpa`#2<611# )Leba#Ta_djkhkceao# Ijrepnkcaj-#Eqkcajao-#

OR-# USA*# kn# ck]p# lkhu_hkj]h# ]jpe.n]^^ep# IcG.H'L.DuLecdp�# 599# `ehqpa`# 2<611# )A^_]i*/#

O^oanr]pekj# s]o# lanbknia`# qoejc# ]j# qlnecdp# bhqknao_aj_a# ie_nko_kla# )Ohuilqo# BX62-#

Tkguk-# J]l]j*# amqella`# sepd# ]j# Ohuilqo# DP81# `ecep]h# _]ian]/# DP# Ckjpnkhhan# Van/# 3/2/2-#

)Ohuilqo# _knlkn]pekj-# Tkguk-# J]l]j*# s]o# qoa`# pk# lnk_aoo# pda# ei]cao/# Qq]jpep]pera#

_kil]neokj# kb# ]h^qiej# atlnaooekj# s]o# `apanieja`# qoejc# pda# bnaas]na# ei]ca# ]j]huoeo#

okbps]na-# Ii]ca# J-# WS# R]o^]j`-# N]pekj]h# Ha]hpd# Ijopepqpa-# Bapdao`]-# MA-# USA*# ]o#

lnarekqohu#nalknpa #̀[42\/#Cahh#]na]#s]o#`apanieja`#^u#i]jq]h#`aheja]pekj#kb#n]s#bhqknao_aj_a#

ei]cao/# A# iejeiqi# kb# 23# _ahho# sana# ]j]huva`# bnki# psk# ej`alaj`ajp# atlaneiajpo/#
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Cupkogahap]h#F.]_pej# s]o#reoq]heva`#^u# pna]pejc# pda# _ahho#sepd#ld]hhke`ej.TRIC#]j`#Hka_dop#

44453#)Seci].Ah`ne_d-#Sp/#Lkqeo-#MO-#USA*#]p#6#� c0iL#bkn#26#iej#sana#qoa /̀#

Tk# ejraopec]pa# ECM# _kilkjajpo-# `a_ahhqh]nev]pekj# s]o# lanbknia`# ]o# lnarekqohu#

nalknpa`#[43\#kj#_ahho#_qhpqna`#kj#^ekbqj_pekj]heva`#j]jkl]ppanja`#]j`#bh]p#oqnb]_ao#bkn#77#d-#

bkhhksa`#^u# ej_q^]pekj#sepd#3#iL#kb#`eopehha`#s]pan#bkn#2#d#]p#48#�C/#V]nekqo#oqnb]_ao#sana#

s]oda`# ^u# eiianoekj# ej# PBS/# Tda# `alkoepa`# ECM# s]o# beta`# qoejc# 5&# PFA# bkn# 31# iej-#

bkhhksa`# ^u# lania]^ehev]pekj# sepd# 1/6&# pnepkj# X.211# ej# PFA/# Pnei]nu# ]jpe^k`eao# oq_d# ]o#

ikqoa#ikjk_hkj]h#]jpebe^nkja_pej#`ehqpa`#2<61#)S]jp]#Cnqv#Bekpa_djkhkcu#Ij_/-#S]jp]#Cnqv-#

CA-#USA*#]j`# ikqoa# ikjk_hkj]h# ]jpe_khh]caj# IV# `ehqpa`#2<61# )S]jp]#Cnqv#Bekpa_djkhkcu#

Ij_/*#sana#]``a`#bkn#41#iej-#]j #̀pdaj#oa_kj`]nu#]jpe^k`eao#)ck]p#]jpe.ikqoa#IcG.TR#`ehqpa`#

2<361# )S]jp]# Cnqv# Bekpa_djkhkcu# Ij_/*-# Ahat]# Fhqkn�# 599# ck]p# ]jpe.ikqoa# IcM# )H,L*#

`ehqpa`#2<361# )Leba#Ta_djkhkceao# Ijrepnkcaj-#Eqkcajao-#OR-#USA*# sana# ]``a`# bkn#41# iej/#

Tda#abba_pera#naikr]h#kb#_ahho#]j`#_ahhqh]n#`a^neo#^u#pdeo#iapdk`#s]o#ranebea`#^u#bhqknao_aj_a#

h]^ahhejc#kb#pda#`a_ahhqh]neva`#oqnb]_ao#qoejc#Hka_dop#44453/#

-'-'!FMKXXSXQ!OVOM][YX!WSM[Y\MYZO!SX_O\]SQK]SYX!

Ijraopec]pekjo# kb# pda# _ahh# na]nn]jcaiajpo# ]j`# ]hecjiajpo# sana# `kja# ^u# o_]jjejc#

aha_pnkj# ie_nko_klu# )SEM*# qoejc# )Hep]_de# S.5911-# J]l]j*/#Pnekn# pk#SEM# ejraopec]pekjo# pda#

o]ilhao#sana#lnal]na`#]o#bkhhkso/#Ap#pda#aj`#kb#pda#_qhpqna#lanek`#pda#_ahho#kj#pda#oq^opn]pao#

sana#beta`#sepd#3/6#rkh&#chqp]n]h`adu`a#)W]gk-#J]l]j*#ej#PBS#bkn#3#d/#Abpan#sde_d#pda#_ahho#

sana#`adu`n]pa`#pdnkqcd#]#oaneao#kb#apd]jkh#_kj_ajpn]pekjo#)21&-#51&-#71&-#91&-#211&*#bkn#

6#iej-#naola_perahu/#Fej]h#`aoe__]pekj#s]o#`kja#qoejc#bnaava#`nuejc#)Hep]_de#Eo#3141-#Tkguk-#

J]l]j*/# Fej]hhu-# pda# o]ilhao# sana# lh]_a`# kj# SEM# ola_eiaj# dkh`ano# ]j`# k^oanra`# qj`an#

beah`.aieooekj#o_]jjejc#aha_pnkj#ie_nko_kla#klan]pa`#]p#]j#]__ahan]pekj#rkhp]ca#ej#pda#n]jca#

2}6#gV/#
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Wa#at]ieja`# pda# ejpacn]pekj#kb# _daie_]h# ]j`# lduoe_]h# _qao# pk# opq`u# pda# ejbhqaj_a# kb#

oq_d#ejpacn]pekj#kj#pda#ajd]j_aiajp#kb#dal]pe_#_ahhqh]n#^ad]rekn/#Tdaoa#]ooai^ha`#_kjopnq_po#

ieie_# pda# j]pera# ajrenkjiajp# ]nkqj`# _ahho/# Wa#qoa`# HalG3# _ahho-# ]o# pdau# atde^ep# ]# hksan#

_ahhqh]n# bqj_pekj]hepu# qlkj# _qhpqnejc# qj`an# bh]p# peooqa# _qhpqna# _kj`epekjo# [44\# iknakran-#

HalG3# eo# ]# op]^ha# _ahh# heja# _kil]na`# pk# lnei]nu# dal]pk_upao-# _kjoamqajphu# pda# `n]s^]_go#

]ook_e]pa`#sepd# pda# ]hpan]pekj# ej# pda#lnei]nu# dal]pk_upaoz#j]pera# _qhpqna# ajrenkjiajpo# qlkj#

pdaen# _qhpqna# ejpk# ]# nece`# bh]p# oq^opn]pa# eo# ]rke`a`/# Sq_d# ]hpan]pekjo# skqh`# naoqhp# ej# ]#

oq^oamqajp#_d]jca#ej# _ahh#iknldkhkcu-#lkh]nepu#]j`#caja#atlnaooekj#[45\-#sde_d#i]u#_]qoa#

`eo_nal]j_eao#ej#naoqhpo/# #

Ahpan]pekjo# ej# pda# lduoe_k_daie_]h# _d]n]_paneope_o# kb# ]# ^eki]pane]h# eil]_p# pda#

ik`qh]pekj# kb# _ahhqh]n# ^ad]rekno# [46}4;\# oej_a# oqnb]_a# _daieopnu# [23\# ]j`# oq^opn]pqi#

pklkcn]ldu# [51.52\# a]_d# d]ra# lnkbkqj`# abba_po/# Wa# at]ieja`# pda# abba_p# kb# i]jelqh]pejc#

lduoe_]h# _qao# kj# dal]pe_# _ahhqh]n# ^ad]rekno# ]j`# odksa`# pd]p# ]hpan]pekjo# ej# pda# od]la# kn#

`eiajoekj]h# _d]n]_paneope_o# kb# lduoe_]h# _qao# _nepe_]hhu# ]bba_p# dal]pk_ahhqh]n# bqj_pekj# [36\/#

Tdaoa# ]hpan]pekjo# ieie_ga`# pda# lduoe_]h# _qao# kb# j]pqn]hhu# k__qnnejc# ECM# _kilkjajpo# pk#

_kjpnkh# ]j`# nacqh]pa# iqhpelha# dal]pe_# bqj_pekjo# )Cd]lpan# 3*/# Hana-# sa# ejraopec]pa`# pda#

_ki^eja`# eil]_p# kb# `eranoa# _qao# kj# dal]pk_ahhqh]n# ^ad]rekno/# Tda# RGD# lalpe`a# s]o#

eiik^eheva`# kj# j]jkl]ppanjo# pd]p# ieie_# pda# dean]n_de_]hhu# atpaj`a`# _khh]caj# j]jkbe^nehh]n#

opnq_pqna#]j`#dal]pk_ahhqh]n#^ad]rekno#sana#ejraopec]pa`/#Ap#benop-#_ahh#re]^ehepu#qlkj#_qhpqnejc#

kj#TeO3#l]ppanj#]j`#bh]p#oq^opn]pao#s]o#at]ieja`/#Tda#re]^ehepu#ejraopec]pekj#s]o#`kja#qoejc#

hera0`a]`# op]ejejc# bkn# ejpn]_ahhqh]n# aopan]oa# ]_perepu# ]j`#_ahh#iai^n]ja# ejpacnepu/#Tda#qoa# kb#

l]ppanj#oq^opn]pao#odksa`#jk#_d]jca#ej#pda#re]^ehepu#)w;9&*#_kil]na`#pk#bh]p#oqnb]_a/#

Aj#ej_na]oa#ej#pda#atlnaooekj#kb#pda#eilknp]jp#bqj_pekj]h#lnkpaejo#]h^qiej-#pn]jobannej-#
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]j`# _upk_dnkia# P.561# s]o# `apanieja`/# A# oecjebe_]jp# ajd]j_aiajp# ej# atlnaooekj# kb# pdaoa#

heran.ola_ebe_# i]ngano# kj# RGD# _k]pa`# oqnb]_ao# s]o# k^oanra`# _kil]na`# pk# qj_k]pa`#

oq^opn]pao-#nac]n`haoo#kb#pda#pklkcn]ldu#kb#pda#oq^opn]pa/#Tdeo#_kqh`#^a#`qa#pk#pda#]_per]pekj#kb#

]j# ejpacnej.`alaj`ajp# ejpn]_ahhqh]n# oecj]hejc# l]pds]u/# Ahpan]pekjo# ej# pda# oqnb]_a# _daie_]h#

_kilkoepekj# kb# ^eki]pane]ho# ik`qh]pa# _d]nca-# du`nkldehe_epu-# ]j`# lnkpaej# ]`oknlpekj-# sepd#

oq^oamqajp# ]hpan]pekj# ej# _ahhqh]n# ]bbejepu# bkn# pda# oq^opn]pa# [53-# 54\/# Tda# oq^opn]pa# pd]p#

ejpacn]pa`# j]jkpklkcn]ldu# sepd# pda# ]`daoera# lalpe`a# ikpeb# i]tei]hhu# ej_na]oa`# ikop#

dal]pk_ahhqh]n# bqj_pekj]hepeao# paopa`/#Tda# oujanceope_# abba_p# kb# _ki^ejejc#^kpd# _daie_]h# ]j`#

lduoe_]h# _qao# lnkre`ao# pda# _ahh# ejpacnepu# ]j`# kneajp]pekj-# sepd# ]# oq^oamqajp# ]_per]pekj# kb#

ola_ebe_#_ahh#iai^n]ja#ejpacnejo/#Tdqo-#pda#^appan#pda#ECM#ejpnejoe_#ahaiajpo#]na#ieie_ga`-#

pda#^appan# pda#oq^opn]pazo#_upk_kil]pe^ehepu#]j`#pda# bqj_pekj]hepu#kb#HalG3/#Laoo#kb#]j#abba_p#

s]o# k^oanra`# bkn# pn]jobannej# atlnaooekj-# ]o# dal]pe_# _ahh# bqj_pekj]hepu# i]ejhu# `alaj`o# kj#

ejpne_]pa#oecj]ho#]j`#l]pds]uo#pd]p#]na#]_per]pa`#^u#`eranoebea`#_qao/#Tda#`ap]eha`#ia_d]jeoio#

qj`anhuejc# oq_d# oujanceoi-# ]j`# e`ajpebe_]pekj# kb# pdaen# aooajpe]h# nacqh]pejc# b]_pkno-# namqena#

bqnpdan# opq`u/# Hksaran-# sa# _]j# _kj_hq`a# pd]p# _daie_]h# _qao# lh]u# ]# i]fkn# nkha# ej# pda#

ajd]j_aiajp# kb# dal]pe_# bqj_pekj]hepu# _kil]na`# pk# oq^opn]pqi# pklkcn]ldu# ]hkja-# ]j`# pda#

ejpacn]pekj#kb#^kpd#_qao#d]o#]#oujanceope_#abba_p#kj#ikop#dal]pe_#bqj_pekj]hepeao/#Tdana^u-#kqn#

bej`ejco# oqccaop# pd]p# oqnb]_a# j]jkba]pqnao# sepd# sahh.`abeja`# `eiajoekjo# ]j`# _daie_]h#

_kilkoepekj#pd]p#eiep]pa#ECM#be^nehh]n#opnq_pqnao#]j`#_kjp]ejejc#]#ola_ebe_#ikpeb#)a/c/-#RGD*#

_kqh`#^a#qpeheva`#pk#ej_na]oa#iqhpelha#_ahh#bqj_pekjo-#n]pdan#pd]j#oeilhu#qoejc#j]jkpklkcn]ldu#

kn# _daie_]h# _qao# ]hkja/# Sej_a# pda# l]ppanj# ]j`# bh]p# ]na]o# ateop# ej# pda# o]ia# oq^opn]pa-# ep# eo#

`ebbe_qhp# pk# oal]n]pa# _ahho=# bqnpdan# mq]jpebe_]pekj# oq_d# ]o# RT.PCR# kn# ELISA-# sana# pdanabkna#

jkp#]__qn]pa#pk#lanbkni/#

Sej_a#_ahh#iknldkhkcu#]j`#]hecjiajp#i]ejhu#nahu#kj# pda#oqnb]_a#_d]n]_paneope_o#kb#pda#
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^eki]pane]h-# pda# _kj_qnnajp# abba_p# kb# eiik^ehev]pekj# kb# RGD# kj# pda# _upkogahapkj-# ]_pej#

beh]iajp#]ooai^hu#]j`#naknc]jev]pekj#sana#k^oanra`/#HalG3#_ahho#_qhpqna`#kj#`eiajoekj]hhu#

sahh.`abeja`# j]jkcn]pejc# oq^opn]pao# kn# bh]p# oqnb]_ao# sepd# ]j`# sepdkqp# RGD#

^ekbqj_pekj]hev]pekj#sana#at]ieja`#qoejc#bhqknao_aj_a#op]ejejc#]j`#SEM/#RGD.eiik^eheva`#

oq^opn]pao# naoqhpa`# ej# ]j# ej_na]oa# ej# _ahh#se p̀d# ]j`# daecdp-# ]j`#]#`a_na]oa# ej# _ahh# atpajoekj#

)hajcpd*# _kil]na`# pk# qj_k]pa`# oq^opn]pao-# oqccaopejc# ajd]j_a`# _ahh.oq^opn]pqi# ]bbejepu/#

Tdaoa#]hpan]pekjo#ej_hq`ejc#iknldkhkcu#]j`#]hecjiajpo#i]u#^a#ia`e]pa`#^u#pda#lnaoaj_a#kb#

]`daoera# hec]j`o# pd]p# aj_kqn]ca# pda# knc]jev]pekj# kb# pdnaa# `eiajoekj]h# ]_pej# _upkogahapkjo=#

]_pej# beh]iajp# naknc]jev]pekj# eo# ia`e]pa`# ^u# pda# ]ooai^hu# kb# ejpn]_ahhqh]n# ]j`# atpn]_ahhqh]n#

_kilhat#`ki]ejo#)ejpacnejo*#pd]p#^ne`ca#]`daoera# hec]j`o#)RGD*#]j`#pda#]_pej#_upkogahapkj/#

Fqnpdanikna-# pdeo# s]o# _kjbenia`# ^u# SEM-# oej_a# ejpacn]pekj# kb# ^kpd# oqnb]_a# _daieopnu# ]j`#

j]jkpklkcn]ldu# naoqhpa`# ej# ]# _d]jca# ej# pda# _ahhqh]n# iknldkhkcu# _kil]na`# pk# j]jkcn]pejco#

]hkja/#Wdeha#pda#&#kb#oejcha#_ahho#]hecja`#]hkjc#pda#hkjc#]teo#kb#pda#qj`anhuejc#pklkcn]lde_]h#

ba]pqnao# d]ra# jkp# ^aaj# _d]jca`# ^abkna# ]j`# ]bpan# pda# eiik^ehev]pekj# kb# RGD/# Tdaoa#

k^oanr]pekjo# oqccaop# pd]p# pda# lnaoaj_a# kb# _daie_]h# _qao# oq_d# ]o# pda# RGD# ikpeb# naoqhp# ej#

ej_na]oa`# oq^opn]pa#]bbejepu#]j`#lh]u#]#`kiej]jp# nkha# ej# _ahhqh]n#iknldkhkcu-#]o#`k#lduoe_]h#

j]jk_qao# oq_d# ]o# pklkcn]ldu/# Tdqo-# pda# lnaoaj_a# kb# `eo_napa# oqnb]_a# _qao# eo# aooajpe]h# bkn#

oaha_pera# _ahh# ]`daoekj# ]j`# ]_per]pekj-# ej`e_]pejc# pd]p# pdaoa# _qao# d]ra# _ha]n# ]llhe_]pekjo# ej#

nacajan]pera#ia`e_eja/#

Ijpacnej##2#ia`e]pa`#bk_]h#]`daoekj#s]o#_kil]na`#kj#pda#j]jkcn]pejc#oqnb]_a#]j`#pda#

bh]p# oqnb]_a# sepdkqp# kn# sepd# RGD# qoejc# eiiqjkbhqknao_aj_a# op]ejejc# kb# ]# pn]joiai^n]ja#

lnkpaej-# ejpacnej##2/# Ijpacnej.ia`e]pa`# oecj]ho# ]na# ha]`ejc# ia`e]pkno# bkn# _kjpnkhhejc# _ahhqh]n#

^ad]rekn-#]`daoekj-#]j`#bqj_pekj]hepu/#Cahhqh]n#^ad]rekn#eo#`alaj`ajp#kj# ejpacnej#ejpan]_pekjo#

sepd#pda#oq^opn]pqi<#pda#ejpacnej#atpn]_ahhqh]n#`ki]ejo#^ej`#pk#]#ola_ebe_#ikpeb#kj#pda#ECM-#
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]j`# pdaen# ejpn]_ahhqh]n# `ki]ejo# ]na# ]ook_e]pa`# sepd# pda# ]_pej# _upkogahapkj# ]j`# ]bbehe]pa`#

lnkpaejo/# Bek_daie_]h# ikpebo-# ]o# sahh# ]o# pklkcn]lde_]h# _d]n]_paneope_o-# oq_d# ]o# `eiajoekj-#

od]la-# ouiiapnu-# ]j`# nkqcdjaoo# oal]n]pahu# lh]u# `kiej]jp# nkhao# ej# ejpacnej# _hqopanejc# ]j`#

bk_]h#]`daoekj#bkni]pekj#[55.57\/# #

Rac]n`ejc#pda#nkha#kb#ieie_gejc#pda#ECM#_qao#bkn#pda#]ooai^hu#kb#j]pera#ECM-#RGD#

]hkja-# ]_pejc# ]o# ]# _daie_]h# _qa-# ajd]j_a`# _ahh.oq^opn]pqi# ]bbejepu-# naoqhpejc# ej# pda#

ql.nacqh]pekj# kb# pda# atlnaooekj# kb# j]pera# ]ooai^ha`# ECM# _kilkjajpo/# Tda# lnaoaj_a# kb#

j]jkcn]pejco# pd]p# naoai^ha# _khh]caj# be^neho# ]_pa`# ]o# ranpe_]h# ha`cao# ej# ^apsaaj# pda# lh]j]n#

]na]o/# Tdeo# pklkcn]ldu# ej_na]oa`# pda# ]ooai^hu# kb# ECM# _kilkjajpo# ]j`# ]hecja`# pdai# ej#

^apsaaj#pdaoa#ha`cao/#Ahpdkqcd#ejpacn]pekj#kb#RGD#sepd#pklkcn]ldu#odksa`#]hecja`#opnq_pqnao#

sdeha#kpdan#oq^opn]pao#odksa`#n]j`ki#opnq_pqnao-#pda#`eiajoekjo#]j #̀oeva#kb#]ooai^ha`#lnkpaejo#

_]jjkp#^a# na_kcjeva`# bnki#oq_d# atlaneiajpo/#Ckjoamqajphu-# pda# _khha_pera# nkha# kb# lduoe_]h# ]j`#

_daie_]h# _qao#lnkbkqj`hu# ]hpana`# pda# ]_pera# ]ooai^hu#kb#ECM#_kilkjajpo-# naoqhpejc# ej# bqnpdan#

ik`ebe_]pekj#ej#peooqa#naknc]jev]pekj/#

#
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Tda#_khha_pera#nkha#kb#_daie_]h#)RGD*#]j`#lduoe_]h#)pklkcn]ldu*#_qao#kj#pda#^ad]rekn#

kb#dal]pe_# _ahho#s]o# opq`ea`#]j`#_kil]na`# sepd# pda# nkha#kb# a]_d# _qao# oal]n]pahu# kn#sepdkqp#

]ju#_qao/#Sq^opn]pao#pd]p#oeiqhp]jakqohu#ejpacn]pa`#j]jkpklkcn]ldu#sepd#]j#]`daoera#lalpe`a#

ikpeb#)RGD*#i]tei]hhu#ej_na]oa`#dal]pk_ahhqh]n#bqj_pekj]hepu/#A#oecjebe_]jp#ajd]j_aiajp#ej#

pda# atlnaooekj#kb# heran.ola_ebe_#i]ngano#s]o#k^oanra`#kj#RGD._k]pa`#oqnb]_ao#_kil]na`#pk#

qj_k]pa`# oq^opn]pao/#Tdaoa# naoqhpo# aild]oeva# pda# i]fkn# nkha# kb# _daie_]h# _qao# ej# ajd]j_ejc#

dal]pe_# bqj_pekj]hepu# _kil]na`# pk# oq^opn]pqi# pklkcn]ldu# ]hkja/# Tda# i]jelqh]pekj# kb#

_daie_]h# _qao# ]j`0kn# `eopej_p# pklkcn]lde_]h# ba]pqnao# _]qoa`# ik`ebe_]pekjo# ej# _ahhqh]n#
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naknc]jev]pekj#ia`e]pa`#^u#_d]jcao#ej#_ahhqh]n#]pp]_diajpo-#olna]`ejc-#ejpacnej#_hqopanejc#]j`#

]ooai^hu#kb#ECM#_kilkjajpo/#Tdqo-#sa#_kj_hq`a#pd]p#ik`ebe_]pekjo#ej#pda#lduoe_k_daie_]h#

_d]n]_paneope_o#kb#^eki]pane]ho#)Tklkcn]ldu#]j`#RGD*-#aepdan#ej`alaj`ajphu#kn#^u#_ki^ejejc#

^kpd# _daie_]h# ]j #̀ lduoe_]h# _qao# ejbhqaj_a# pda# _ahh# bqj_pekj]hepeao# ]j`# ]n_depa_pqna-# sepd#

oq^oamqajp#]hpan]pekjo#ej#pda#^ad]rekn#kb#dal]pe_#_ahho/#Tdaoa#bej`ejco#_kqh`#^a#qpeheva`#ej#pda#

`aoecj#kb#^ek.ejolena`#bqj_pekj]heva`#_kjopnq_po#bkn#dal]pe_#^ekna]_pkno#]j`#kpdan#]llhe_]pekjo/#
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[2\# Ejcah# J-# Cdemqap# M-# Aj# kran# reas# kb# atpn]_ahhqh]n# i]pnet# ]j`# bqj_pekj/# Ij# Tda#

Etpn]_ahhqh]n# M]pnet<# Aj# Oran# Veas=# Ma_d]i# RP-# E`/=# Slnejcan<# Banhej0Hae`ah^anc-#

Gani]ju-#3122=#ll/#2}52/#

[3\# Lqg]odar# ME-# Wan^# Z-#ECM#oecj]hhejc<# On_daopn]pejc# _ahh# ^ad]rekn# ]j`# ieo^ad]rekn-#

Tnaj`o#Cahh#Bekh/-#2;;9=#9<#548}552/#

[4\#P]iqh]#E-#`a#Cqlana#V-#Dqbnaja#YF-#Rkqtdap#PG-#N]jko_]ha#knc]jev]pekj#kb#]`okn^a`#

_khh]caj<#Ijbhqaj_a#kb#oq^opn]pa#du`nkldk^e_epu#]j`#]`oknlpekj#peia-#J#Ckhhke`#Ijpanb]_a#

S_e/-#3115=#382<#91};2/#

[5\#Bkva_#L-# r]j#`an#Haef`aj#G-#Hknpkj#M-#Ckhh]caj# be^neho<#N]jko_]ha# nklao-#Beklduo# J/-#

3118=#;3<#81}86/# #

[6\# V]`]u# GG-# Le`an# O-# Etpn]_ahhqh]n# i]pnet# ikeapeao-# _upkgejao-# ]j`# ajvuiao<# Duj]ie_#

abba_po# kj# eiiqja# _ahh# ^ad]rekn# ]j`# ej"]ii]pekj-# J# Laqgk_upa# Bek/-# 3111=# 78<#

25;}26;/#

[7\# Bkoi]j# FT-# Sp]iajgkre_# I-# Fqj_pekj]h# opnq_pqna# ]j`# _kilkoepekj# kb# pda# atpn]_ahhqh]n#

i]pnet-#J#P]pdkh/-#3114=#311<#534}539/# #

[8\#Zaeo^anc#M-#M]aodei]#Y-#Mkopani]j#B-#K]hhqne#R-#Raj]h#be^nkoeo/#Etpn]_ahhqh]n#i]pnet#

ie_nkajrenkjiajp#nacqh]pao#iecn]pknu#^ad]rekn#kb#]_per]pa`#pq^qh]n#alepdahe]h#_ahho-#Ai/#

J#P]pdkh/-#3113=#271<#3112}3119/#

[9\#Haejk# J-#Tda# _khh]caj# na_alpkn# ejpacnejo# d]ra# `eopej_p# hec]j`# na_kcjepekj# ]j`# oecj]hejc#

bqj_pekjo-#M]pnet#Bekh/-#3111=#2;<#42;}434/# #

[;\#Adia`#N-#Rehau#C-#Re_a#G-#Qqejj#M-#Rkha#kb#ejpacnej#na_alpkno#bkn#be^nkja_pej-#_khh]caj#

]j`# h]iejej# ej# pda# nacqh]pekj# kb# kr]ne]j# _]n_ejki]# bqj_pekjo# ej# naolkjoa# pk# ]# i]pnet#

ie_nkajrenkjiajp-#Chej#Etl#Map]op]oeo/-#3116=#33<#4;2}513/#
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[21\#Becco# MJP-#Rep_d]n`#RG-#D]h^u# MJ-#N]jkpklkcn]lde_]h# ik`ebe_]pekj<# A# nacqh]pkn# kb#

_ahhqh]n# bqj_pekj# pdnkqcd# bk_]h#]`daoekjo-#N]jkia`<#N]jkpa_djkh#Bekh#Ma`/-#3121=#7<#

72;}744/# #

[22\#Wkvje]g#MA-#Mk`vahasog]#K-#Kskjc#L-#Kaahu#PJ-#Fk_]h#]`daoekj#nacqh]pekj#kb#_ahh#

^ad]rekn-#Bek_dei#Beklduo#A_p]/-#3115=#27;3<#214}22;/#

[23\#M]daods]ne#G-#Bnksj#G-#L]qbbaj^qncan#DA-#Wahho#A-#Gnebbepd#LG-#Cahh#]`daoekj#]j`#

ikpehepu#`alaj`#kj#j]jko_]ha#RGD#_hqopanejc-#J#Cahh#S_e/-#3111=#224<#2788}2797/#

[24\#[45\#B]npkhk#LD-#Mknahhe#S-#Lklav#LC-#Geknjk#L-#C]il]j]#C-#S]hanjk#S-#Raj`a#M-#F]re]#

P-#Dapki]ok#L-#Gneopej]#R-#`#Ackopejk#R-#Dnekhe#E-Bekpn]jobkni]pekj#]j`#heran.ola_ebe_#

bqj_pekjo# kb# dqi]j# dal]pk_upao# ej# _qhpqna# kj# RGD.eiik^eheva`# lh]oi].lnk_aooa`#

iai^n]jao/#Beki]pane]ho-#3116=#37<#5543.5552/# # #

# [25\#W]jc#N-#Ijc^an#DE-#Ckjpnkh#kb#_upkogahap]h#ia_d]je_o#^u#atpn]_ahhqh]n#_ahh#od]la-#]j`#

ia_d]je_]h#pajoekj-#Beklduo#J/-#2;;5=#77<#3292}329;/#

[26\#A^n]io#GA-#Gkk`i]j#SL-#Na]hu#PF-#Fn]j_k#M-#Mqnldu#CJ-#N]jko_]ha#pklkcn]ldu#kb#

pda#^]oaiajp#iai^n]ja#qj`anhuejc#pda#_knja]h#alepdaheqi#kb#pda#ndaoqo#i]_]mqa-#Cahh#

Teooqa#Rao/-#3111=#3;;<#4;}57/# #

[27\#Hknj^ancan#LK-#Sejcdnku#S-#C]r]hha.G]nne`k-#T-#To]jc#W-#Kaahau#F-#R]^ejkrep_d#M-#

Sujpdaoeo#kb#atpn]_ahhqh]n#i]pnet#]j`#]`daoekj#pdnkqcd##2#ejpacnejo#]na#_nepe_]h#bkn#bap]h#

rajpne_qh]n#iuk_upa#lnkheban]pekj-#Cen_qh]pekj#Rao/-#3111=#98<#619}626/# #

[28\#Wq#C-#Da`d]n#S-#Ijpacnej.hejga`#gej]oa#)ILK*#]j`#epo#ejpan]_pkno<#A#jas#l]n]`eci#bkn#

pda# _kqlhejc# kb# atpn]_ahhqh]n# i]pnet# pk# ]_pej# _upkogahapkj# ]j`# oecj]hejc# _kilhatao-# J#

Cahh#Bekh/-#3112=#266<#616}621/#

# [29\# W]jc# P.Y-# Wq# T.H-# Cd]k# P.HG-# Kqk# W.H-# W]jc# M.J-# Hoq# C.C-# To]e# W.B-#

Mk`qh]pekj# kb# _ahh# ]pp]_diajp# ]j`# _khh]caj# lnk`q_pekj# kb# ]jpanekn# _nq_e]pa# hec]iajp#
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_ahho# re]# oq^ie_nkj# cnkkrao0ne`cao# opnq_pqnao# sepd# `ebbanajp# _ahh# ]bbejepu-# # Bekpa_djkh#

Bekajc/-#3124=#221<#438}448/#

[2;\#Kkjc#YP-#Tq#C-#Dkjkr]j#PJ-#Yaa#AF-#Etlnaooekj#kb#O_p5# ej#dqi]j#ai^nukje_#opai#

_ahho# eo# `alaj`]jp# kj# j]jkpklkcn]lde_]h# _kjbecqn]pekj-# A_p]# Beki]pan/-# 3124=# ;<#

747;}7491/#

[31\#T]g]u]i]#G-#T]jecq_de#A-#Og]jk#T-#I`ajpebe_]pekj#kb#Debbanajpe]hh#atlnaooa`#cajao#ej#

dal]pk_upa0aj`kpdahe]h#_ahh#_k._qhpqna#ouopai-#Teooqa#Ejc/-#3118=#24<#26;}277/#

[32\# Beanskhb#J-# Lqpcadapi]jj# M-# Fajc# K-#En^ao#J-# Dae_di]jj#S-# Tknkjue#E-# Speachepv#C-#

N]od]j# B-#M]# PX-# Pkhhkg# JM-# Pnei]nu# n]p# dal]pk_upa# _qhpqna# kj# 4D# j]jkbe^nkqo#

lkhuian# o_]bbkh`o# bkn# pkte_khkcu#]j`#ld]ni]_aqpe_]h# naoa]n_d-#Bekpa_d#Bekajc/-# 3122=#

219<#252.261/#

[33\# Neode`]-# Y-# T]jecq_de-# A/# Ij`q_pekj# kb# ]h^qiej# atlnaooekj# ej# HalG3# _ahho# qoejc#

eiik^eheva`#oeilhebea`#na_ki^ej]jp# be^nkja_pej#lnkpaej-# Ij.repnk#Cahh#Dar#Bekh.Ajei/-#

3124=#5;<#511}518/#

[34\# Hkaoo]# A-# Taqo_dan]# N-# Tdkni]jj]# A-# Aqne_d^# H-# Haehi]jj]# A-# Cqhper]pekj# Ob#

Hal]pki]# Cahh# Leja# HalG3# Oj# N]jklknkqo# Ahqiejqi# Ote`a# Mai^n]jao-# A_p]#

Beki]pan/-#3118=#4<#54}61/#

[35\# N]g]v]s]# K-# Laa# S.W-# Fqgq`]# J-# Y]jc# D.H-# Kqjep]ga# T-# Hal]pk_upa# oldanke`#

bkni]pekj#kj#]# pep]jeqi#`ekte`a#cah#oqnb]_a#]j`#dal]pk_upa# hkjc.pani#_qhpqna-#J#M]pan#

S_e/-#3117=#28<#46;}475/# #

[36\# A^`ahh]pab# SA-# Ode# A-# N]^]p]ia# T-# T]jecq_de# A-# Ij`q_pekj#kb# dal]pk_upa# bqj_pekj]h#

lnkpaej#atlnaooekj#^u#oq^ie_nkj0j]jk.l]ppanjejc#oq^opn]pao#pk#ieie_#BE#LBLF#opnq_pqnao-#

Beki]pan#S_e/-#3125=#3<#441}449/#
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[37\# Pnk_gkl# DJ-# Fanp]h]# A-# Tda# _khh]caj# !^neh<# Tda# ]hikop# _nuop]hheja# opnq_pqna-# J# Spnq_p#

Bekh/-#2;;9=#233<#222}229/#

[38\#H]i]odei]#Y-#H]npan#JG-#Ckkjo#AH-#Tda#Lk_]hev]pekj#kb#Ah^qiej#]j`# be^nejkcaj#ej#

dqi]j#heran#_ahho-#J#Cahh#Bekh/-#2;75=#31<#382}38;/#

[39\# Kk_]nag# TA-#S_dqapv# EG-# Gqvahe]j# PS-# Etlnaooekj# kb# iqhpelha# bknio# kb# _upk_dnkia#

l561# inj]o# ej# lnei]nu# _qhpqnao# kb# n]p# dal]pk_upao# i]ejp]eja`# kj# i]pnecah-# Mkh#

Pd]ni]_kh/-#2;;4=#54<#439}445/#

[3;\#Sd]s#PM-#Waeoo#MC-#A`aojeg#M-#dal]pk_upa#jq_ha]n#b]_pkn#4#eo#]#i]fkn#`apaniej]jp#kb#

_ul3_7#lnkikpan#]_perepu#ej#dal]pki]#_ahho-#Mkh#Pd]ni]_kh/-#2;;5=#57<#8;}98/#

[41\#P]ng#KM-#P]ng#KD-#F]_eha# oqnb]_a# Iiik^ehev]pekj#kb# _ahh# ]`daoera#lalpe`a# kjpk#TeO3#

oq^opn]pa# re]# punkoej]oa._]p]huva`# kte`]pera# na]_pekj-# J# M]pan# Cdai/-# 3122=# 32<#

26;17}26;19/#

[42\# Bqncaoo# A-# Vecjankj# S-#Bnekq`ao# E-# L]^^� # J.C-# Lkn_]# T-# C]opnk# A-# Lkoo# kb# dqi]j#

Gna]ps]hh# naoqhpo# ej# G3# ]nnaop# ]j`# iqhpelha# iepkpe_# `aba_po# `qa# pk# `anacqh]pekj# kb# pda#

_u_hej#B.C`_30PP3A#^]h]j_a-#Pnk_#N]ph#A_]`#S_e/-#3121=#218<#23675}2367;/#

[43\#Hannai]#H-#Cv]fgksog]#D-#Td� ]n`#D-#r]j#`an#Wkq`aj#JM-#K]he_d]n]j#D-#Zkhcd]`n#B-#

Hkagopn]# D-# r]j# Ifvaj`kknj# SCD-# Rdk# Kej]oa-# iukoej.ee-# ]j`# l53055# i]lg# _kjpnkh#

atpn]_ahhqh]n# i]pnet.ia`e]pa`# ]le_]h# ^eha# _]j]he_qh]n# hqiaj# iknldkcajaoeo# ej# HalG3#

_ahho-#Mkh#Bekh#Cahh/-#3117=#28<#43;2}4414/#

[44\#Bkgd]ne#M-#C]nj]_d]j#RJ-#C]iankj#NR-#Pnvu^knoge#SA-#Cqhpqna#kb#HalG3#heran#_ahho#

kj#pdnaa#`eiajoekj]h#lkhuopunaja#o_]bbkh`o#ajd]j_ao#_ahh#opnq_pqna#]j`#bqj_pekj#Cqhpqna#

kb# HalG3# heran# _ahho# kj# lkhuopunaja# o_]bbkh`o# ajd]j_a# pda# _ahh# opnq_pqna# ]j`# bqj_pekj#

`qnejc#pkte_khkce_]h#_d]hhajca-#J#Aj]p/-#3118=#322<#678}687/#
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[45\# Skh`]pks# VY-# LaChquoa# EL-# Gnebbpd# LG-# Rqouj# I-# Ij.repnk# ik`aho# bkn# heran# pkte_epu#

paopejc-#Tkte_kh#Rao/-#3124=#3<#34}4;/#

[46\#Zdq#B-#Lq#Q-#Yej#J-#Hq#J-#W]jc#Z-#Ahecjiajp#kb#kopak^h]op.hega#_ahho#]j`#_ahh.lnk`q_a`#

_khh]caj#i]pnet#ej`q_a`#^u#j]jkcnkkrao-#Teooqa#Ejc/-#3116=#22<#936}945/# #

[47\# W]p]ne# S-# H]u]ode# K-# Wkk`# JA-# Rqooahh# P-# Na]hau# PF-# Mqnldu# CJ-# # Gajapko# DC-#

Mk`qh]pekj# kb# kopakcaje_# `ebbanajpe]pekj# ej# dMSCo# _ahho# ^u# oq^ie_nkj#

pklkcn]lde_]hhu.l]ppanja`#ne`cao#]j`#cnkkrao-#Beki]pane]ho-#3123=#44<#239}247/#

[48\# Kqh]jc]n]# K-# Y]jc# Y-# Y]jc# J-# Lakjc# KW-# N]jkpklkcn]ldu# ]o# ik`qh]pkn# kb# dqi]j#

iaoaj_dui]h#opai#_ahho#bqj_pekj-#Beki]pane]ho-#3123=#44<#5;;9}6114/# #

[49\#Beah]#SA-#Sq#Y-#Sl]pv#JP-#Kaigaian#R-#Debbanajp#oajoeperepu#kb#dqi]j#aj`kpdahe]h#_ahho-#

oikkpd# iqo_ha# _ahho# ]j`# be^nk^h]opo# pk# pklkcn]ldu# ej# pda# j]jk.ie_nk# n]jca-# A_p]#

Beki]pan/-#311;=#6<#3571}3577/# #

[4;\#Cdke#C.H-#H]cr]hh#SH-#Wq#BM-#Dqjj#JCY-#Baucqe#RE-#Kei#C.J-#Cahh#ejpan]_pekj#sepd#

pdnaa.`eiajoekj]h#od]nl.pel#j]jkpklkcn]ldu-#Beki]pane]ho-#3118=#39<#2783}278;/#

[51\# D]h^u#MJ-# G]`ac]]n`# N-# T]na# R-# Aj`]n# A-# Readha# MO-# Hanvug# P-#Wehgejokj# CDW-#

Onabbk# ROC-# Tda# _kjpnkh# kb# dqi]j# iaoaj_dui]h# _ahh# `ebbanajpe]pekj# qoejc# j]jko_]ha#

ouiiapnu#]j`#`eokn`an-#N]p#M]pan/-#3118=#7<#;;8}2114/# #

[52\# Ykq# M.H-# Ks]g# MK-# Kei# D.H-# Kei# K-# Lar_dajgk-# A-# Kei# D.Y-# Sqd# K.Y-#

Sujanceope_]hhu#Ejd]j_a`#kopakcaje_#`ebbanajpe]pekj#kb#dqi]j#iaoaj_dui]h#opai#_ahho#

^u#_qhpqna#kj#j]jkopnq_pqna`#oqnb]_ao#sepd#ej`q_pekj#ia`e]-#Beki]_nkikha_qhao-#3121=#

22<#2967}2973/#

# [53\#C]e#K-#Fn]jp#M-#Bkooanp#J-#Heh`a^n]j`#G-#Leabaepd#K-#J]j`p#KD-#Sqnb]_a#bqj_pekj]heva`#

pep]jeqi# pdej# behio<# Zap].lkpajpe]h-# lnkpaej# ]`oknlpekj# ]j`# _ahh# lnkheban]pekj-# Ckhhke`o#

Sqnb#B/-#3117=#61<#2}9/# #
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[54\# Pknp� .Dqnneaq# MC-# Gqehhaikp# F-# P]hhq# S-# L]^nqc� na# C-# Bnkqehh]q`_# B-# B]naehha# R-#

Ai� `� a# J-# B]npda# N-# D]n`# M-# B]mqau# C-# Cu_hk.)DbKRG*# lalpe`a# cn]bpejc# kjpk#

pe.7]h.5r<# lduoe_]h# _d]n]_panev]pekj# ]j`# ejpanaop# pks]n`o# dqi]j# kopaklnkcajepkn# _ahho#

]`daoekj-#Beki]pane]ho-#3115=#36<#5948}5957/#

# [55\#L]jca#R-#L� pdaj#F-#Ba_g#U-#Ru_dhu#J-#B]qi]jj#A-#Na^a#B-#Cahh.atpn]_ahhqh]n#i]pnet#

ejpan]_pekj# ]j`# lduoe_k._daie_]h# _d]n]_paneope_o# kb# pep]jeqi# oqnb]_ao# `alaj`# kj# pda#

nkqcdjaoo#kb#pda#i]pane]h-#Bekikh#Ejc/-#3113=#2;<#366}372/# #

[56\#Cqnpeo#AS-#C]oau#B-#G]hh]cdan# JO-#P]omqe#D-#Wkk`#MA-#Wehgejokj#CD-#Sq^opn]pqi#

j]jkpklkcn]ldu# ]j`# pda# ]`daoekj# kb# ^ekhkce_]h# _ahho/# Ana# ouiiapnu# kn# nacqh]nepu# kb#

j]jkpklkcn]ldu#eilknp]jp@-#Beklduo#Cdai/-#3112=#;5<#386}394/#

[57\# S]pk# M-# Aoh]je# A-# S]i^epk# MA-# K]hgdkn]j# NM-# Sh]ikre_d# EB-# Wa^opan# TJ-#

N]jk_nuop]hheja# du`nktu]l]pepa0pep]je]# _k]pejco# kj# pep]jeqi# eilnkrao# kopak^h]op#

]`daoekj-#J#Bekia`#M]pan#Rao#A/-#3119=#95<#376}383/#

#

# #
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!

Allhe_]pekj<# Iilnkraiajp# kb# pda# oajoeperepu# bkn# `nqc# _upkpkte_epu#

]j]huoeo#qoejc#j]jkl]ppanj#pd]p#ieie_o#ECM#]o#]#_qhpqna#oq^opn]pa/# #

*'!F^WWK[b!

Hana-# sa# pnea`# pk `arahkl# ]# ikna# oajoepera# `nqc# pkte_epu# ]j]huoeo# ik`ah# ^u# pda#

qpehev]pekj# kb# j]jkl]ppanj# pd]p# ieie_o# ECM# _qao# ]o# ]# _qhpqna# oq^opn]pa/# Sej_a# pda# nkha# kb#

ECM#oeiqh]pekj#qoejc#j]jkl]ppanj#ej#pda#r]ne]pekj#kb#dal]pe_#_ahh#heja#_ahhqh]n#naolkjoa#pk#]#

_upkpkte_# ]cajp# {_eolh]pejz# s]o# ejraopec]pa`/# Tda# lnaoaj_a# kb# oq_d# pklkcn]ldu# ej`q_a`# ]#

_d]jca# ej# pda# _ahhqh]n# naolkjoa# pk# r]nekqo# _kj_ajpn]pekj# kb# _eolh]pej/# Ap# ^acejjejc-# sa#

opq`ea`# pda# _ahh.oq^opn]pqi# ej`q_a`# r]ne]pekj# kb# _eolh]pej# _upkpkte_epu=# ]# decdan# _upkpkte_#

naolkjoa# pk# _eolh]pej# s]o# k^oanra`# bkn# _ahho# _qhpqna`# kj# pda# j]jkl]ppanj# nah]pera# pk# ]# bh]p#

oqnb]_a/# Mknakran-# pda# j]jkba]pqnao# pd]p# ieie_# ECM# ej# pda# lnaoaj_a# kb# _eolh]pej# ej`q_a`#

_d]jcao#ej#pda#_dnki]pej#_kj`ajo]pekj-#od]la-#_ahhqh]n#kneajp]pekj-#]j`#]hecjiajp#_kil]na`#

pk# bh]p# oqnb]_a-# ]o# pdaoa#j]jkopnq_pqnao# b]^ne_]pa`#^u# aha_pnkj#^a]i# hepdkcn]ldu# ]j`#]pkie_#

h]uan#`alkoepekjo#sepd#sahh#`abeja`#`eiajoekjo#)351#ji#ej#oeva*#]j`#hkjcepq èj]h# atpaj`a`#

cakiapnu# )j]jkcn]pejco*# sana# ]^ha# pk# ^a# na_kcjeva`# ^u# oq_d# _ahho# araj# ej# _upkpkte_#

_kj`epekjo/# A__kn`ejchu-# oq_d# naoqhpo# aild]oeva# pda# nkha# kb# pklkcn]ldu# ]o# ]j# eilknp]jp#

lh]uan# ej# pda# _ahhqh]n# naolkjoa# pk# _eolh]pej/# Tdanabkna-# pda# `arahkliajpo# kb# ^ekieiape_#

oq^opn]pao# sepd# pklkcn]ldu# pd]p# oeiqh]pa# ECM# _qao# _kqh`# d]ra# lkpajpe]ho# ej# pda# `nqc#

`arahkliajp#opn]paceao/#

#

9SQ^[O!-&*<#Ahpan]pekj#kb#_ahhqh]n#^ad]rekno#kb#HalG3#_ahho#_qhpqna`#kran#pda#j]jkl]ppanj#

ej#pda#lnaoaj_a#kb#_eolh]pej/#
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+'!5KMUQ[Y^XN!

Etpn]_ahhqh]n# i]pnet# )ECM*# eo# pda# _ahhqh]n# j]pera# ajrenkjiajp-# ]j`# eo# _kilkoa`# kb#

knc]je_# i]ppan# ]j`# i]_nkikha_qhao# pd]p# ]na# j]pqn]hhu# lnk`q_a`# ]j`# ]ooai^ha`# ejpk#

pdnaa.`eiajoekj]h#iaodskngo#sepd#lna_eoahu#_kjpkqna`#j]jkopnq_pqnao/#ECM#eo#_kilkoa`#kb#

oaran]h# lnkpaejo# oq_d# ]o# _khh]cajo-# h]iejejo-# be^nkja_pej-# chu_ko]iejkchu_]jo-# ]j`#

lnkpakchu_]jo/#Tda#ej`ere`q]h#ECM#ikha_qhao-#oq_d#]o#_khh]caj#ikeapeao-#sde_d#]na#be^nkqo#

lnkpaejo#sepd#]#pnelha#dahe_]h#opnq_pqna-#]na#]llnktei]pahu#411#ji#hkjc#]j`#2/6#ji#se`a#[2\/#

Tdaoa#dahe_ao#]na#]ooai^ha`#ejpk#j]jkbe^nehh]n#japskngo#pd]p#dean]n_de_]hhu#atpaj`#bkn#pajo#kb#

ie_nkiapano# ej# hajcpd# ]j #̀ d]ra#`e]iapano# )41.511#ji*#sepd#lanek`e_]h# _nkoo.opne]pekjo# [3\/#

Tda# ]n_depa_pqna# kb# ECM# lkooaooao# aooajpe]h# lduoe_]h# _qao# ]j`# ^ek_daie_]h# b]_pkno# pd]p#

pneccan#namqena`#_ahhqh]n#^ad]rekno#[4.6\/# #

Ckjoamqajphu-# ieie_# oq_d# ECM# _qao# ^u# pda# i]jelqh]pekj# kb# ^eki]pane]h#

_d]n]_paneope_o# )e/a/# pklkcn]ldu-# opebbjaoo-# nkqcdjaoo-# oqnb]_a# _daieopnu///a_p/*# skqh`#

l]npe_el]pa# ej# cajan]pekj# kb# ^ek.ola_e]heva`# ouopaio# bkn# pda# `nqc# `arahkliajp# naoa]n_d# [7\#

]j`#peooqa#ajcejaanejc#]llhe_]pekjo#[8\/#Fkn#_]j_an#_ahho#hegaseoa#jkni]h#_ahho#]ju#_d]jca#ej#

pda# j]pera# ECM# _d]n]_paneope_o# ]o# _kilkoepekj# kn# ^eklduoe_]h# _d]n]_paneope_o# sehh# ^a#

na_kcjeva`#]j`#pn]jo`q_a`#^u#_ahho#pdnkqcd#na_alpkno#]o#ejpacnejo#)pn]joiai^n]ja#lnkpaejo*#

ejpk# ola_ebe_# oecj]hejc#l]pds]uo# ]j`# lnkrkga#]#r]neapu# kb# _ahhqh]n# _]o_]`ao# ]j`#arajpo# [9\/#

Tdaoa# _qao# )_daie_]h# kn# lduoe_]h*# ej# ]``epekj# pk# oecj]hejc# b]_pkno# cera# neoa# pk# pda# pqikn#

ie_nkajrenkjiajp-# sde_d# eo# naolkjoe^ha# bkn# _kjpejqkqo# ]hpan]pekj# ej# pqikn# cnkspd-#

lnkcnaooekj-# ejr]oekj-# pn]jobkni]pekj-# ]j`# araj# `nqc# naoeop]j_a# [;.23\/# Fkn# ejop]j_a-#

`eonqlpekjo#ej#pda#opnq_pqn]h#ejpacnepu#kb#pda#alepdahe]h#ECM#)^]oaiajp#iai^n]ja*#d]ra#^aaj#

]ook_e]pa`# sepd# pda# `eoknc]jev]pekj# kb# l]j_na]pe_# _]n_ejki]# [24-# 25\/# Fqnpdanikna-#

naopkn]pekj#kb#iknldkhkce_]hhu#jkni]h#_ahhqh]n#opnq_pqnao#kn# pda#`a]pd#kb# pqikn#_ahho# naoqhpo#
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sdaj#oaran]h#pulao#kb#^na]op#_]j_an#_ahh#]na#_qhpqna #̀ej#4D#na_kjopepqpa`#^]oaiajp#iai^n]ja#

ej# pda#lnaoaj_a# kb# ola_ebe_# ejde^epkno# pd]p#^hk_g# pda# oecj]hejc# l]pds]uo# opeiqh]pa`# ej# pdaoa#

ola_ebe_#ldajkpulao# [25\/#Ckjoamqajphu-# oaran]h# opq`eao#d]ra#^aaj#lanbknia`# pk# _h]nebu# pda#

nah]pekjodel#^apsaaj#ieie_a`#ECM#_qao#]j`#_]j_an#_ahho/#Fkn#ejop]j_a-#ECM#_kilkoepekjo#

]na#kb# ejpanaop-# oej_a# pda#i]jelqh]pekj#kb#ECM#lnkpaejo# eo# ]__kil]jea`#^u# ]j#]hpan]pekj# ej#

_daikpdan]laqpe_# oajoeperepu# [26-# 27\/# Ajkpdan# b]_pkn# eo# pda# nkha# kb# i]pnet# opebbjaoo# ej# pda#

]hpan]pekj# kb# _]j_an# _ahh# _d]n]_paneope_o/# Spebban# ]npebe_e]h# i]pane]h# eo# ]^ha# pk# ej_na]oa#

pdan]laqpe_#naoeop]j_a#sepd#hksan#_hkjcaje_#_]l]_epu-#sdeha#okbpan#i]pane]h#ej`q_ao#naranoe^ha#

_ahhqh]n# `kni]j_u# ej# dal]pe_# _ahh# hejao# [28\/# Fkn# j]pqn]h# ECM-# ]# `a_na]oa# ej# opebbjaoo# ^u#

]hpanejc# _khh]caj# _nkoohejgejc# `ah]uo# i]hecj]jp# cnkspd# ]j #̀ pqikn# `arahkliajp# [29\/#

Mknakran-#pda#qoa#kb#4.D#lknkqo#lkhuopunaja#oqllknpo#]o#]#oq^opn]pa#bkn#_ahh#_qhpqna#naoqhpo#ej#

haoo#oqo_alpe^ehepu#pk#iapdkpnat]pa#_upkpkte_epu#_kil]na`#pk#3.D#_qhpqnao#[2;\/#Fqnpdanikna-#

pda#qoa#kb#4D#o_]bbkh`o#b]^ne_]pa`#bnki#_depko]j.]hcej]pa#eo#_knnah]pa`#sepd#]j#ej_na]oa#ej#pda#

i]hecj]j_u# ]j`# ejr]oekj# kb# `ebbanajp# cheki]# _ahho# sepd# ]j# ej_na]oa# ej# pda# lnk`q_pekj# kb#

ia`e]pkno#naolkjoe^ha#bkn#]jcekcajaoeo#[31\/# #

Hksaran-# okia# kb# pdaoa# nalknpa`# naoqhpo# ]na# _kjpn]`e_pknu-# ]j`# pdau# lnkre`a#

ejoqbbe_eajp#are`aj_a#pk#aop]^heod#]j#atlhe_ep#nah]pekjodel#^apsaaj#oejcha#ECM#ahaiajp]h#_qao#

]j`# _]j_an# `arahkliajp-# naolkjoao# ]j`# pdan]laqpe_# naoeop]j_a/# Sq_d# nah]pekjodelo# i]ejhu#

`alaj`# kj# pda# _ahhqh]n# ik`ah# qoa`# ej# ]``epekj# pk# _kilhe_]pa`# japskngo# kb# kranh]llejc#

_ahhqh]n# _]o_]`ao/# Fqnpdanikna-# heppha# ]ppajpekj# d]o# ^aaj# bk_qoa`# kj# j]jkpklkcn]ldu#

aola_e]hhu#pd]p#ieie_#ECM#_qao#]j`#_]j_an#_ahh#naolkjoao#pk#_upkpkte_#]cajpo-#araj#pdkqcd#

ep#eo#aooajpe]h#bkn#pda#`arahkliajp#kb#^eki]pane]ho#pd]p#_kqh`#^a#qpeheva`#ej#pda#ikna#nahe]^ha#

`nqc#`arahkliajp#opn]paceao/#

Ij# pda# lnaoajp# opq`u-# ]hpan]pekjo# ej# pda# _ahhqh]n# naolkjoa# kb# ]# dal]pe_# _ahh# heja# qj`an#
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_upkpkte_#_kj`epekjo#s]o#`apanieja`-#sdeha#j]jkl]ppanj#)351#ji*#pd]p#ieie_o#ECM#_qao-#ej#

l]npe_qh]n# pda# be^nehh]n# opnq_pqna# kb# _khh]caj-# s]o#qoa`#]o# ]# _qhpqna# oq^opn]pa/#Tdeo# oq^opn]pa#

lnarekqohu# odksa`# eilnkra`# _upk_kil]pe^ehepu# ]j`# dal]pk_ahhqh]n# bqj_pekj]hepu# [32\/# # # #

Oqn#i]ej#ck]h#s]o# pk#_kil]na# _ahhqh]n#_d]jcao#`qa# pk# pda#lnaoaj_a#kb#j]jkopnq_pqnao#]bpan#

atlkoqna#pk#pda#_upkpkte_#]cajp#_eolh]pej/#Ceolh]pej#eo#kja#kb#ikop#abba_pera#]j`#se`ahu#qoa`#

_upkpkte_# ]cajpo# bkn# pna]piajp# kb# oaran]h# pulao# kb# _]j_ano-# ep# d]o# ]# cna]p# ]bbejepu# pks]n`#

jq_hakldehe_#_ajpnao#kb#^ekikha_qhao#oej_a#ep#bknio#^ebqj_pekj]h#]``q_po#sepd#oq_d#ikha_qhao#

]o#DNA/# Daolepa# epo# lnar]hajp# qpehev]pekj# ej# i]ju# gej`o# kb# _]j_an# pdan]lu-# pda# _kjpejq]hhu#

aiancejc# naoeop]j_a# eo# ]#i]fkn# k^op]_ha# bkn# oq_d# qpehev]pekj/#Fqnpdanikna-# epo# qpehev]pekj# bkn#

pda#_]j_an#pdan]lu#eo#]ook_e]pa`#sepd#oaran]h#oe`a#abba_po#]j`#kpdan#knc]j#pkte_epeao#]o#dal]pe_#

pkte_epu# [33\/# Tdanabkna-# ieie_# pda# j]pera# _ahhqh]n# ajrenkjiajp# kn# ECM# _qao# pk# bqnpdan#

qj`anop]j`#pda#nah]pekjodel#^apsaaj#_ahh#naolkjoao#]j`#oq_d#`nqc#eo#oq^op]jpe]h#aola_e]hhu#ej#

_kj`epekj# pd]p#_hkoahu#ieie_#ECM/#Hana-#sa#ejraopec]pa`#]hpan]pekjo#ej#_ahhqh]n#_upkpkte_epu#

]j`# iknldkhkcu# ej`q_a`# ^u# pda# _kateopaj_a# kb# pdaoa# b]_pkno# qoejc# bhqknao_ajp# ie_nko_klu#

]j`# o_]jjejc# aha_pnkj# ie_nko_klu# )SEM*/# Wa# odksa`# pd]p# pda# lnaoaj_a# kb# pdaoa#

j]jkopnq_pqnao# s]o# _]l]^ha# kb# ]bba_pejc# pda# dal]pe_# _ahhqh]n# naolkjoa/# Tdaoa# naoqhpo# ]na#

eilknp]jp# bkn# qj`anop]j`ejc# pda# nah]pekjodelo# ^apsaaj# ECM# ^eklduoe_]h# _qao-#

_daikpdan]laqpe_o-#]j`#]jpe._]j_an#`nqc#naolkjoao#]j`#]ook_e]pa`#oe`a#abba_po/#

#

,'!EO\^V]\#

Ij# pdeo# opq`u-# pda# nkha# kb# j]jkpklkcn]ldu# ]o# ]# i]fkn# `apaniej]jp# kb# ECM# ]j`# epo#

i]jelqh]pekj# kb# dal]pk_ahhqh]n# _upkpkte_# naolkjoao# sana# `apanieja #̀ ej# pda# lnaoaj_a# kb#

_eolh]pej/# Wa# ejraopec]pa`# pda# ejbhqaj_a# kb# j]jkl]ppanj# pd]p# ieie_o# ECM# _qao# ej# pda#

]hpan]pekj# kb# _ahhqh]n# ^ad]rekno# ej# pda# lnaoaj_a# kb# pda# `nqc/# Ao# pdaoa# ]ooai^ha`# _kjopnq_po#
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ieie_#pda#j]pera#ajrenkjiajp#]nkqj`#pda#_ahho-#sa#pdaj#opq`ea`#pda# _ahh.oq^opn]pqi.ej`q_a`#

r]ne]pekj# ej# _upkpkte_epu# _]qoa`# ^u# _eolh]pej# kran# ]# odknp# peia# kb# atlkoqna-# 23# dno/# Sq_d#

j]jkl]ppanj#s]o#b]^ne_]pa`#qoejc#aha_pnkj#^a]i#hepdkcn]ldu#]j`#]pkie_#h]uan#`alkoepekj/#Tda#

od]la# ]j`# `eiajoekj# kb# b]^ne_]pa`# j]jkl]ppanj# ]na# ehhqopn]pa #̀ qoejc# SEM# ]j`# AFM# )]o#

`eo_qooa`#ej#Cd]lpan#4*/#
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Tk# qj`anop]j`# okia# kb# pda# `eo_nal]j_eao# ej# pda# ^ad]rekn# kb# _upkpkte_# ]cajpo# BE#LBLF#

]j`#BE#LBJHF-#sa#at]ieja`#pda#nkha#kb#j]jkpklkcn]ldu#kj#_upkpkte_#naolkjoao/#Aj#ej_na]oa#ej#

pda# lan_ajp]ca# kb# `a]`# _ahho# s]o# bkqj`# ]bpan# _qhpqnejc# HalG3# _ahho# kran# pda# j]jkl]ppanj#

_kil]na`#pk#]#bh]p#oq^opn]pa#]bpan#atlkoqna#pk#r]nekqo#_eolh]pej#_kj_ajpn]pekjo#bkn#23#dno#^u#

bhqknao_aj_a#ie_nko_klu/#Fecqna#5.3#odkso#bhqknao_ajp#ie_nkcn]ldo#kb#`a] #̀)na`*#]j`#]hera#

)cnaaj*#HalG3# _ahho#cnksj#kj#j]jkl]ppanj0bh]p# oq^opn]pao# ej# pda#lnaoaj_a# kb# pdnaa# `ebbanajp#

_kj_ajpn]pekjo# kb# _eolh]pej/# Tda# ik`qh]pekj# kb# pklkcn]ldu# oecjebe_]jphu# ejbhqaj_a`# pda#

_upkpkte_epu# ej`q_a`#^u# _eolh]pej# )na`# bhqknao_ajp# _ahho*/# Ij#cajan]h-# pda#^ek_kil]pe^ehepu#kb#

oq_d# oq^opn]pa# s]o# lnarekqohu# nalknpa`# [32\-# ]o# pdana# eo# jk# _d]jca# ej# re]^ehepu# bkn# _ahho#

_qhpqna`# kj# pda# oq^opn]pao# ]hkja# sepdkqp# ]ju# _upkpkte_# ]cajp/# Hksaran-# ]bpan# _eolh]pej#

atlkoqna-# ]# decdan# _upkpkte_# naolkjoa# s]o# k^oanra`# kj# pda# j]jkl]ppanj# nah]pera# pk# pda# bh]p#

oqnb]_a#)Fecqna#5.3]*/#A#oecjebe_]jp# ej_na]oa# ej# pda#lan_ajp]cao#kb#`a]`#_ahho# )]hikop#3#bkh`#

ej_na]oa*#s]o#k^oanra`# qlkj#pda# _d]jca#kb# pklkcn]ldu-# aola_e]hhu# ej# pda#1/36#]j`#1/6#iM#

_eolh]pej#_kj_ajpn]pekjo-#nah]pera#pk#pda#bh]p#oqnb]_a#)P#>1/16*#)Fecqna#5.3^*/#Wdeha#pda#decdaop#

_eolh]pej#_kj_ajpn]pekj#)1/86#iM*#odksa`#]j#ej_na]oa#ej#pda#lan_ajp]ca#kb#`a]`#_ahho-#ep#s]o#

jkp#op]peope_]hhu#oecjebe_]jp#_kil]na`#pk#pda#bh]p#oqnb]_a/# #
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9SQ^[O! -&+<# )]*# Lera0`a]`# bhqknao_aj_a# op]ejejc# kb# HalG3# _ahho# _qhpqna`# k# pda#

j]jkl]ppanj# )qllan# l]jah*# ]j`# bh]p# oqnb]_a# )hksan# l]jaho*/kj# sde_d# cnaaj# _ahho# ]na#

herejc# ]j`# na`# _ahho# ]na# `a] /̀# )^*# Aran]ca# lan_ajp]cao# kb# `a]`# _ahho# )j# &# 6*# qlkj#

_qhpqnejc# HalG3# kj# oq^opn]pao# sepd# r]nekqo# _eolh]pej# _kj_ajpn]pekjo/# +<# op]peope_]hhu#

oecjebe_]jp#]p#P>1/16/#S_]ha#^]n#?#311#� i/#

#
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Wa# ejraopec]pa`# pda# harah#kb#CTR.2#atlnaooekj#qoejc# eiiqjkbhqknao_ajp# pa_djemqao/#

Fecqna#5.4#odkso#bhqknao_ajp#ei]cao#kb#CTR.2#qlkj#_qhpqnejc#kb#HalG3#kj#j]jkl]ppanj#]j`#

bh]p#oq^opn]pao/#Tda#atlnaooekj#CTR.2#d]o#]hikop#2/4#bkh`#ej_na]oa#]bpan#_qhpqnejc#kb#HalG3#

kj# pda#351#ji#j]jkl]ppanj#sepd# ]# heja]n#j]jkl]ppanj# )Fecqna#5.4A#qllan#l]jah*# bkn#31#dno#

_kil]na`# pk# _ahho# _qhpqna`# kj# bh]p# oqnb]_a# )Fecqna# 5.4A# hksan# l]jah*/# Sq_d# `ebbanajp# s]o#

op]peope_]hhu# oecjebe_]jp# sdaj# _kil]na`# qoejc# _]h_qh]pa`# bhqknao_ajp# ejpajoepeao# )Fecqna#

5.4B*/#
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9SQ^[O!-&,<#)A*#Iiiqjkbhqknao_ajp#op]ejejc#kb#_kllan#pn]jolknpan.2#)cnaaj#at_ep]pekj#%#?#

559#ji*#ej#HalG3#_ahho#_qhpqna`#kj#j]jkl]ppanj#sepd#pkp]h#`eiajoekjo#]j`#cn]pejc#od]lao#

kb# 351# ji# )Ullan# l]jah*# ]j`# bh]p# oqnb]_a# )hksan# l]jah*# )S_]ha# ^]n# ?# 31qi*/# )B*#

C]h_qh]pa`# ia]j# bhqknao_aj_a# ejpajoepu# pd]j# odkso# oecjebe_]jp# bhqknao_aj_a# ejpajoepu# ej#

_ahho#_qhpqna`#kran#j]jkl]ppanj#_kil]na`#pk#bh]p#oqnb]_a/#+#Sp]peope_]hhu#oecjebe_]jp#]p#)l#+!

1/16*/#

#

,','!<OZK]YMOVV^VK[!X^MVOK[!KXN!WY[ZRYVYQSMKV!_K[SK]SYX\#

Tda# lnaoaj_a# kb# _eolh]pej# ej# cajan]h# ej`q_ao# ola_ebe_# _ahhqh]n# ]j`# iknldkhkce_]h#

r]ne]pekjo/# Ma]jsdeha-# ]hpana`# oq^opn]pqi# pklkcn]ldu# ]hkja# ej`q_ao# pn]jobkni]pekjo# ej#

od]la-# _ahhqh]n# kneajp]pekj-# _ahh# ]hecjiajp-# ]j`# ahkjc]pekj/# Tdanabkna-# sa# at]ieja`# pdaoa#

_ahhqh]n#r]ne]pekjo#ej`q_a`#^u#_eolh]pej#ej#lnaoaj_a#kb#pda#^ekieiape_#_kjopnq_p/#Tdqo-#]hpana`#

jq_ha]n# _dnki]pej# _kj`ajo]pekj-# iknldkhkce_]h# r]ne]^ehepu-# ]j`# `ena_pekj]h# ik`ebe_]pekjo#

sana#at]ieja`#^u#`ebbanajp#pa_djemqao#oq_d#]o#bhqknao_ajp#ie_nko_klu#]j`#SEM/# # #
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9SQ^[O!-&-<#)A*#Fhqknao_ajp#op]ejejc#kb#HalG3#_ahhqh]n#jq_hae#_qhpqna`#kj#j]jkl]ppanj#

)qllan# l]jah*# ]j`# ]# bh]p# oqnb]_a# )hksan# l]jah*/# Annkso# odks# ldajkpula# I# )]lklpkpe_#

_ahho*-# ]j`# ]nnksda]`o# odks# ldajkpula# II# )ja_nkpe_# _ahho*# )S_]ha# ^]n# ?# 61# � i*# )B*#

Ahpan]pekj# ej# jqi^an# kb# _ahho# _qhpqna`# kj# r]nekqo# oq^opn]pao# odksejc# `ebbanajp#

ldajkpulao# kb# _dnki]pej# _kj`ajo]pekj# ej`q_a`# ^u# pda# lnaoaj_a# kb# _eolh]pej/# Tda#

lan_ajp]ca# kb# ]lklpe_# ldajkpula# ej`q_a`# ^u# _eolh]pej# s]o# oecjebe_]jphu# decdan# ej#

_qhpqnao#kj#pda#j]jkl]ppanj#oq^opn]pa/#+<#P#>1/112/#

#

($($&$!+CJ>H9JBFEI!BE!<AHFD9JBE!<FE=>EI9JBFE!

A# oecjebe_]jp# ej_na]oa# )3# bkh`# ej_na]oa*# ej# _eolh]pej.ej`q_a`# _dnki]pej# _kj`ajo]pekj#

s]o#k^oanra`#]bpan#_qhpqnejc#HalG3#_ahho#kj#pda#j]jkl]ppanj#_kil]na`#pk#pda#bh]p#oq^opn]pa/#

Fecqna#5.5#odkso#bhqknao_ajp#op]ejejc#kb#HalG3#jq_hae#sepd#Hka_dop#)^hqa*#]j`#PI#)na`*#]j`#

pda# lan_ajp]cao# kb# pdaoa# _ahho# _qhpqna`# kj# r]nekqo# oq^opn]pao/# Tda# lnaoaj_a# kb# _eolh]pej#
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ej`q_ao# `ebbanajp# _dnki]pej# _kj`ajo]pekjo# ej# HalG3# _ahho# _kil]na`# pk# _kjpnkho# )jk# `nqc*#

dksaran-# pda# j]jkl]ppanj# opeiqh]pao# oecjebe_]jphu# pdaoa# ej`q_pekjo-# aola_e]hhu# pk# ]# ola_ebe_#

jq_ha]n#ldajkpula# )pula# I*# kn# ]lklpkpe_# _ahho# nah]pera# pk# pda# bh]p# oqnb]_a# )P#>1/112*# )Fecqna#

5.5B*/# #

#

($($'$!3FHGAFCF@N"!<>CCKC9H!9CB@ED>EJ!9E=!FHB>EJ9JBFE!

HalG3# _qhpqna`# kj# pda# j]jkl]ppanj# oq^opn]pa# sepdkqp# _eolh]pej# `eolh]ua`# ]#

bqj`]iajp]hhu# `ebbanajp# iknldkhkcu# pd]j# _ahho# _qhpqna`# kj# pda# bh]p# oqnb]_a/# Cahhqh]n#

]hecjiajp# ej# pda# hkjcepq`ej]h#`ena_pekj#l]n]hhah# pk# pda# j]jkcn]pejco#s]o#i]ejp]eja`#sepd#]j#

]hpan]pekj#ej#_ahhqh]n#olna]`ejc/#Fqnpdanikna-#na]nn]jcaiajp#kb#]_pej#beh]iajpo#ej#^qj`ha.hega#

opnq_pqnao# l]n]hhah# pk# pda# j]jkcn]pejc# ]tao# s]o# k^oanra`/# Hksaran-# _ahho# _qhpqna`# kj# bh]p#

oqnb]_ao# `e`# jkp# odksj# oq_d# ]hecjiajp# )Fecqna# 5.6<].^*/# Mknakran-# behklk`e]# bet]pekj# s]o#

k^oanra`#^u#SEM#sde_d#_na]pao#]j_dknejc#lkejpo#ej#pda#lh]jan#ejpanol]_a#]na]#^apsaaj#oq_d#

j]jkopnq_pqnao/# )Fecqna# 5.6]-# ejoap*/# Ij# pda# lnaoaj_a# kb# ]# hks# _eolh]pej# _kj_ajpn]pekj# )1/36#

iM*-#bqnpdan#]_pej#lkhuianev]pekj#]j`#naik`ahejc#s]o#k^oanra`/#Ao#_ahho#_qhpqna`#kran#pda#

j]jkl]ppanj-# pda# i]ejpaj]j_a# kb# pklkcn]ldu.ej`q_a`# l]n]hhah# _ahhqh]n# ]hecjiajp# s]o#

k^oanra`# )Fecqna# 5.6_*# sepd# oq^oamqajp# bkni]pekj# kb# kn`anhu# ]nn]jca`# behklk`e]/#

Fqnpdanikna-# pda# ]lla]n]j_a# kb# oi]hh# ^ha^o# `qa# pk# ]lklpkoeo# kj# pda# _ahhqh]n# ejpanb]_a# s]o#

k^oanra`/# Ma]jsdeha-# bkn# pda# _ahho# _qhpqna`# kran# pda# bh]p# oqnb]_a-# _eolh]pej# ej`q_a`# pda#

naknc]jev]pekj#kb#]_pej#beh]iajpo#sepd#naik`ahejc#aola_e]hhu#ej#pda#_ahhqh]n#laneldanu#)Fecqna#

5.6`*/#
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#

9SQ^[O!-&.<#A_pej#beh]iajp#na]nn]jcaiajp#]j`#iknldkhkce_]h#]hpan]pekj#sepd#oq^oamqajp#

_ahhqh]n#]hecjiajp#l]n]hhah#pk#j]jkcn]pejco#qlkj#_qhpqnejc#kb#_ahho#kj#pda#j]jkl]ppanj#)]*#

kn#]#bh]p#oqnb]_a#)^*#sepdkqp#]ju#`nqc#pdaj#j]jkl]ppanj#)_*#kn#]#bh]p#oqnb]_a#)`*#sepd#1/36#

iM#Ceolh]pej#)S_]ha#^]n#?#31#� i*/# #

#

Ij# ]# decdan# _eolh]pej# _kj_ajpn]pekj# oq_d# ]o# 1/6# iM-# pda# bkni]pekj# kb# ennacqh]n#

_upklh]oie_# ha`cao#s]o#k^oanra`# sepd# ]j# ej_na]oa# ej# pda#jqi^an# kb#^ha^^ejc# _ahho# )Fecqna#

5.7]*-# sdeha# pda# _ahhqh]n# ]hecjiajp# ]j`# kneajp]pekj# l]n]hhah# pk# pda# j]jkl]ppanj# sana#

i]ejp]eja`#sepd#pdaen#atlhknejc#behklk`e]#)Fecqna#5.7]*/#Hksaran-#]p#pdeo#_kj_ajpn]pekj#)1/6#

iM*-# pda# bh]p# oq^opn]pa# i]ejp]eja`# ]_pej# beh]iajp# naknc]jev]pekj# sepd# eiik`an]pa#

_upklh]oie_# pnaa.hega# atpajoekjo# )Fecqna# 5.7^*# ]j`# iknldkhkce_]h# _ahhqh]n# ]jki]heao/#

Fqnpdanikna-# qlkj# pda# qoa# kb# 1/86iM# _eolh]pej-# pda# _ahho# _qhpqna`# kran# pda# j]jkl]ppanj#

op]npa`# pk# hkoa# pdaen# j]jkcn]pejc# na_kcjepekj# _]l]^ehepeao# sepd# oq^oamqajp# hkoo# kb# _ahhqh]n#

]hecjiajp# ]j`# l]n]hhah# kneajp]pekj# na]nn]jcaiajpo# )Fecqna# 5.7_*/# Hksaran-# ]p# pdeo#

BKXYZK]]O[X 9VK]!BKXYZK]]O[X 9VK]!

)'+.WA!6S\ZVK]SXBY!7[^Q

?$@ ?>@ ?3@ ?;@
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_kj_ajpn]pekj#_ahho#_qhpqna`#kj#bh]p#oqnb]_ao#i]ejp]eja`#pdaen#a__ajpne_#_upklh]oie_#_kjpkqna`#

ennacqh]nepeao#sepd#pda#bkni]pekj#kb#h]nca#^ha^o#)Fecqna#5.7`*/# #

#

9SQ^[O!-&/<#Mknldkhkce_]h#]hpan]pekj#ej`q_a`#^u#_qhpqnejc#HalG3#_ahho#kran#j]jkl]ppanj#

)]*#]j`#bh]p#)^*#oq^opn]pa#sepd#1/6#ii#_eolh]pej#_kj_ajpn]pekj#]j`#j]jkl]ppanj#)_*#]j`#bh]p#

)`*# oq^opn]pa#sepd#1/86#ii#_eolh]pej# )S_]ha# ^]n# ?#31# � i*/#Tda# bkni]pekjo#kb#at_aooera#

_upklh]oie_# atpajoekjo# ]j`# ennacqh]nepeao# sana# k^oanra`# sepd# ]_pej# na]nn]jcaiajpo#

bkhhksa`#^u#oq^oamqajp#_ahhqh]n#ieo]hecjiajp#pk#pda#j]jkcn]pejco#qlkj#_qhpqnejc#_ahho#kj#

pda#j]jkl]ppanj#]p#decdan#_kj_ajpn]pekjo#kb#_eolh]pej#)1/86#iM*/#Dkq^ha#]nnkso#nalnaoajp#

pda#`ena_pekjo#kb#pda#j]jkl]ppanj-#]j #̀]nnkso#odks#^ha^o#bknia`#]o#]#naoqhp#kb#]lklpkoeo/#

#

-'!8aZO[SWOX]KV!"!WO]RYNYVYQb!

-'*'!9KL[SMK]SYX!YP!XKXYZK]]O[X!\^L\][K]O\!^\SXQ!OVOM][YX!LOKW!VS]RYQ[KZRb!KXN!K]YWSM!

VKbO[!NOZY\S]SYX!

N]jkl]ppanj# oq^opn]pao# )351ji# pkp]h# `eiajoekj# sepd# cn]pejco# od]la*# sana# b]^ne_]pa`#

]o#lnarekqohu#`ao_ne^a`#ej#_d]lpan#4/#

#

BKXYZK]]O[X 9VK]!BXKYZK]]O[X 9VK]!

)'0.WA!6S\ZVK]SX)'.WA!6S\ZVK]SX

?$@ ?>@ ?3@ ?;@
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-'+!<OZK]YMb]O!MOVV!M^V]^[O!

HalG3#sana# _qhpqna`# ej#Dqh^a__k(o#MEM#)N]_]h]e#Taomqa-#Kukpk-#J]l]j*#sepd#21&#

da]p#ej]_per]pa`#FBS#]j`#oqllhaiajpa`#sepd#211#U#laje_ehhej0211#� c#opnalpkiu_ej#)N]_]h]e#

Taomqa-#Kukpk-#J]l]j*#lan# a]_d#ih#ia`eqi/#Ahh# _ahho#sana#i]ejp]eja`#]p#48#�C#ej#]#211&#

dqie`ebea`# ]pikoldana# qj`an# 6&# CO3/# Ap# 81.91&# _kjbhqaj_u-# _ahho# sana# pnuloejeva`# ]j`#

oaa`a`#kran#pda#j]jkl]ppanj#oqnb]_ao#bkn#9#dno/#Fnaodhu#lnal]na`#_eolh]pej#)Seci].Ah`ne_d-#Sp/#

Lkqeo-#OM-#USA#*#okhqpekj#ej#DMSO#s]o#lnal]na`#bkn#a]_d#atlaneiajp-#]j`#1/36#iM-#1/6#

iM-#]j`#1/86#iM# `ehqpekjo# ej#DMEM# sana# pdaj#lnal]na`# )DMSO# _kj_ajpn]pekj# ej# bej]h#

okhqpekj#s]o#haoo#pd]j#1/2&*/#Tdaj#_ahho#kran#l]ppanj#]j`#bh]p#oq^opn]pao#sana#atlkoa`#pk#pda#

okhqpekjo#]j`#ej_q^]pa`#bkn#]jkpdan#23#dno/#

-','!@S_O(NOKN!_SKLSVS]b!K\\Kb!

HalG3# _ahho# _qhpqna`# kj# j]jkl]ppanj# oq^opn]pao# ]j`# ej_q^]pa`# sepd# `ebbanajp#

_kj_ajpn]pekjo# kb# _eolh]pej# sana# s]oda`# sepd# PBS# 4# peiao-# pdaj# ]# hera0`a]`# re]^ehepu# gep#

)Ijrepnkcaj-#Eqcaja-#OR-#USA*#s]o#qoa`/#Tda#gep#qoao#pda#jkj.bhqknao_ajp#`ua#_]h_aej#AM#

)2# � M*-# sde_d# eo# ajvui]pe_]hhu# du`nkhuva`# ejpk# ]# cnaaj# bhqknao_ajp# `ua# ej# herejc# _ahho#

)at_ep]pekj#5;6-#aieooekj#626*-#sdeha#pda#eilania]^ha#bhqknao_ajp#`ua#apde èqi.D.2#l]ooao#

ejpk# pk# `a]`# _ahho# ]j`# ^ej`o# pk# jq_hae_# ]_e`o# pk# lnk`q_a# na`# bhqknao_aj_a# )at_ep]pekj# 6;6-#

aieooekj# 746*/# O^oanr]pekj# s]o# lanbknia`# qoejc# ]j# qlnecdp# bhqknao_ajp# ie_nko_kla#

)Ohuilqo# BX62-# Tkguk-# J]l]j*# amqella`# sepd# ]j# Ohuilqo# DP81# `ecep]h# _]ian]-# ]j`#DP#

Ckjpnkhhan# Van/# 4/2/2#s]o# qoa`# pk# lnk_aoo# pda# ei]cao/# Tda# lan_ajp]ca# kb# `a]`# _ahho# ej# ]#

_kjop]jp#]na]#)2/55#ii3*#s]o#_]h_qh]pa`#]o#pda#jqi^an#kb#`a]`#_ahho0pkp]h#jqi^an#kb#_ahho#� #

211-#a]_d#atlaneiajp#s]o#nala]pa`#]p#ha]op#6#peiao-#]j`#op]peope_]h#]j]huoeo#s]o#lanbknia`/#

#

#
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-'-'!=WW^XY\]KSXSXQ!KXN!PV^Y[O\MOXMO!NO]OM]SYX!

HalG3# _ahho# _qhpqna`# kj# j]jkl]ppanj# oq^opn]pao# sana# beta`# bkn# 26# iej# ej# 5&#

l]n]bkni]h`adu`a#)PFA*#ej#PBS#]p#5#�C-#]j #̀mqaj_dejc#kb#at_aoo#]h`adu`a#s]o#`kja#qoejc#

1/2#M#chu_eja# bkn#6#iej/#Tdaj-# _ahho#sana#lania]^eheva`# ej#2&# pnepkj#X.211# ej#PBS#bkn#6#

iej/# Abpan# pd]p-# lnei]nu# ]jpe^k`eao# sana# ]``a`<# n]^^ep# lkhu_hkj]h# ]jpe.CTR.2# s]o# `ehqpa`#

2<2111# )S]jp]# Cnqv# Bekpa_djkhkcu-# S]jp]# Cnqv-# CA-# USA*# ]j`# ]``a #̀ bkn# 2# dn-# ck]p#

lkhu_hkj]h# ]jpe.n]^^ep# IcG.H'L.DuLecdp�#599#`ehqpa`#2<611# )A^_]i-# UK*# s]o# ]``a`# bkn#

]``epekj]h# 2# dn-# pdaj# o]ilhao# sana# k^oanra`# qoejc# bhqknao_ajp# ie_nko_klu/# Cupkogahap]h#

F.]_pej#s]o#reoq]heva`#^u#pna]pejc#pda#_ahho#sepd#ld]hhke`ej.TRIC#)Seci].Ah`ne_d-#Sp/#Lkqeo-#

MO-#USA*#]p#6#� c0ih#bkn#26#iej/# #

-'.!8aKWSXK]SYX!YP!MR[YWK]SX!MYXNOX\K]SYX!

HalG3# _ahho# _qhpqna`# kj# j]jkl]ppanj# oq^opn]pao# ]j`# ej_q^]pa`# sepd# _eolh]pej# sana#

s]oda`# sepd# PBS# 4# peiao-# ]j`# jq_ha]n# op]ejejc# s]o# `kja# qoejc# Hka_dop# 44453# )Defej`k#

Mkha_qh]n# Ta_djkhkcu# Ij_/-# J]l]j*# ]p# 6# � c0ih# ]j`# lnkle`eqi# ek`e`a# )Defej`k# Mkha_qh]n#

Ta_djkhkcu# Ij_/-# J]l]j*# ]p# 2# � c0ih*# bkn# 6# iej-# bkhhksa`# ^u# s]odejc# sepd# PBS# )3# peiao*/#

O^oanr]pekj# s]o# lanbknia`# qoejc# ]j# qlnecdp# bhqknao_aj_a# ie_nko_kla# )Ohuilqo# BX62*#

amqella`# sepd# ]j# Ohuilqo# DP81# `ecep]h# _]ian]/# DP#Ckjpnkhhan# Van/# 3/2/2# )Ohuilqo*# s]o#

qoa`#pk#lnk_aoo#pda#ei]cao/# #

-'/!FMKXXSXQ!OVOM][YX!WSM[Y\MYZb!SX_O\]SQK]SYX!

Ijraopec]pekjo# kb# _ahh# na]nn]jcaiajpo# ]j`# ]hecjiajpo# sana# `kja# ^u# SEM# qoejc# ]#

Hep]_de# S.5911/# Pnekn# pk# SEM-# pda# o]ilhao# sana# lnal]na`# ]o# bkhhkso/# Ap# pda# aj`# kb# pda#

_qhpqna#lanek`-#pda#_ahho#kj#pda#oq^opn]pao#sana#beta`#sepd#3/6#rkh/&#chqp]n`e]h`adu`a#)W]gk-#

J]l]j*# ej# PBS# bkn# 3#d/# Abpan# pd]p-# pda# _ahho# sana# `adu`n]pa`# pdnkqcd# ]# oaneao# kb# apd]jkh#

_kj_ajpn]pekjo# )21-# 51-# 71-# 91-# 211&*# bkn# 6#iej-# naola_perahu/# Fej]h# `aoe__]pekj# s]o# `kja#



� � � �

qoejc# bnaava# `nuejc# )Hep]_de# Eo# 3141-# Tkguk-# J]l]j*/# Fej]hhu-# pda# o]ilhao# sana# lh]_a`# kj#

SEM#ola_eiaj#dkh`ano#]j`#k^oanra`#qj`an#]#beah`.aieooekj#SEM#klan]pa`#]p#]j#]__ahan]pekj#

rkhp]ca#ej#pda#n]jca#2.6#gV/#

.'!7S\M^\\SYX!

ECM# lduoe_]h# _qao# )e/a/# pklkcn]ldu*# ]na# naolkjoe^ha# bkn# pda# ]_per]pekj# kb# ejpne_]pa#

japskngo#kb# oecj]hejc#l]pds]uo# pdnkqcd#pn]joiai^n]ja#na_alpkn# ejpacnejo/#Tdaoa# na_alpkno#

pn]joban# atpn]_ahhqh]n#ia_d]je_]h# oecj]ho# ejpk# _ahhqh]n#naolkjoao#^u# pda# ]_per]pekj#kb#oaran]h#

oecj]hejc# l]pds]uo# ]j`# lnkpaejo# oq_d# ]o# MAPKo# )iepkcaj# ]_per]pa`# gej]oao*# [34\/# ERK#

)atpn]_ahhqh]n# oecj]hejc# na_alpkn# gej]oa*# eo# kja# oq^cnkql# kb# MAPK# lnkpaejo# opeiqh]pa`# ^u#

ejpan]_pekjo# sepd# pda# atpn]_ahhqh]n# i]fkn# _qao-# sepd# oq^oamqajp# ]_per]pekjo# kb# _ahhqh]n#

_]o_]`ao#]j`#pda#_kjpnkh#kb#`eranoebea`#_ahhqh]n#^ad]rekno#[35\/#Saran]h#opq`eao#d]ra#nalknpa`#

]j# eilknp]jp# nkha# bkn# MAPK# ]_per]pekjo# ej# _eolh]pej# pkte_epu-# aola_e]hhu# ERK# [36.3;\/#

Hksaran-# pda# `abejepera# bqj_pekj# kb# ERK# ]_per]pekj# ]j`# epo# nah]pekjodel# sepd#

_eolh]pej.ej`q_a`# ]lklpkoeo# ]na# jkp# bqhhu# qj`anopkk`# [41-# 42\/# ERK# ]_per]pekj# bkhhksejc#

_eolh]pej#atlkoqna#d]o#naoqhpa`#ej#]j#ej_na]oa#[38.3;\#]j`#k__]oekj]hhu#]#`a_na]oa#[36-#37\#ej#

pda#_upkpkte_epu#ej`q_a`#^u#_eolh]pej/#Tdaoa#_kjpn]`e_pknu#naoqhpo#d]ra#^aaj#atlh]eja`#^u#pda#

okldeope_]pa`# nah]pekjodel# ^apsaaj# ERK# ]_per]pekj# ]j`# oq^oamqajp# _]o_]`ao# ej`q_a`# ^u#

_eolh]pej-# sde_d# i]ejhu# `alaj`# kj# pda# ej`ere`q]h# _ahh# pula# ]j`# harah# kb# opnaoo# [42\/#

A__kn`ejchu-# pda# _kej_e`aj_a# ^apsaaj# okia# kb# ERK# oecj]hejc# _]o_]`ao# ]_per]pa`# ^u#

_eolh]pej#]j`#j]jkpklkcn]ldu#oeiqhp]jakqohu#_kqh`#^a#pda#kja#kb#oqccaopa`#na]okjo#bkn#oq_d#

k^oanra`# ]hpan]pekj# ej# _ahhqh]n# naolkjoa/# Hksaran-# `aal# opq`eao# ]j`# atlhkn]pekjo# kb# oq_d#

nah]pekjodel# ]na# lnanamqeoepao# ^abkna# sa# _]j# ]josan# pdeo# mqaopekj/# Sk# b]n# ej# pdeo# opq`u-#

`eiajoekj]hhu#]j`#cakiapne_]hhu#sahh.`abeja`#j]jkopnq_pqnao#sepd#351#ji#h]pan]h#`eiajoekj#

sana# b]^ne_]pa`# qoejc# aha_pnkj# ^a]i# hepdkcn]ldu# ]j`# ]pkie_# h]uan# `alkoepekj/# Tdaj# pda#
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at]iej]pekjo#kb# pdaen# ejbhqaj_a#kj# pda# _ahhqh]n#^ad]rekno#kb#dal]pe_# _ahh# heja#)HalG3*#]bpan#

_eolh]pej#atlkoqna#sana#_]nnea`#kj#odknp#peia#_kqnoa/#

Sej_a#]#decdan#_upkpkte_#naolkjoa#s]o#k^oanra`#kj#pda#j]jkl]ppanj#nah]pera#pk#pda#bh]p#

oqnb]_a-# pdaoa# oqccaop# ]# nkha# bkn# j]jkpklkcn]ldu# ]j`# pda# oeiqh]pekj# kb# ECM# ejpnejoe_#

ahaiajpo#ej#pda#]hpana`#_upkpkte_#naolkjoa#pk#_eolh]pej/#Wdeha#sa#`k#jkp#gjks#at]_phu#sd]p#

pda# qj`anhuejc# ia_d]jeoi# kb# oq_d# r]ne]pekj# ej# _upkpkte_epu# s]o-#^qp# sa# _]j# _kjoe`an# bkqn#

b]_pkno<# 2*# _eolh]pej#qlp]ga-# 3*# ]hpan]pekj# ej# ejpn]_ahhqh]n# oecj]hejc-#4*# ejpn]_ahhqh]n# abbhqt# kb#

_eolh]pej-# 5*# ej]_per]pekj# kb# _eolh]pej/# Aju# _d]jca# ej# pdaoa# b]_pkno# ej`q_a`# ^u#

j]jkpklkcn]ldu# _kqh`# ^a# naolkjoe^ha# bkn# pda# ]hpana`# _upkpkte_# naolkjoa/# M]jelqh]pekj# kb#

_eolh]pej# qlp]ga# eo# ]# pailpejc# atlh]j]pekj# bkn# kqn# k^oanr]pekjo-# oej_a# _eolh]pej# qlp]ga# eo#

nacqh]pa`# ^u# ]# r]neapu# kb# ia_d]jeoio# [43-# 44\# pd]p# ej_hq`a#l]ooera# `ebbqoekj-# aj`k_upkoeo-#

]j`#CTR.2# na_alpkno/#Me_nk# ]j`#j]jkpklkcn]ldu# d]ra#^aaj# lnarekqohu# nalknpa`# pk# ik`ebu#

pda# _ahhqh]n# ejpanj]hev]pekj# kb# oi]hh# ikha_qh]n# saecdp# _daie_]ho# ]j`# DNA# ^u# aj`k_upkoeo#

[45\/#Tda#ateopaj_a#kb#ie_nk0j]jkoeva`# ba]pqnao# ej`q_ao#]#se`a#]nn]u#kb# _ahhqh]n#naolkjoao-#

aola_e]hhu# iknldkhkce_]h# _d]jcao-# sepd# pda# oq^oamqajp# bkni]pekj# kb# `ajoahu# l]_ga`# ]_pej# # # # #

beh]iajpo#[46.4;\/#Tda#naoqhpejc#na]nn]jcaiajp#kb#pdaoa#beh]iajpo#]bba_po#_ahhqh]n#_kjpn]_pehepu#

]j`# qlnacqh]pao# pda# Rdk.GTP]oa# l]pds]u-# sde_d# ajd]j_ao# `ebbanajp# ia_d]jeoi# kb#

ajk`_upkoeo/#Naranpdahaoo-#pdeo#pklkcn]ldu.ej`q_a`#aj`k_upkoeo#eo#`alaj`ajp#jkp#kjhu#kj#pda#

oqlanbe_e]h# _d]n]_paneope_o# kb# pklkcn]ldu#^qp# ]hok#kj# pda# _ahh# pula# [45\/#Ckjoamqajphu-# oq_d#

pklkcn]ldu.ej`q_a`#_ahhqh]n#ejpanj]hev]pekj#eo#]#opnkjc#_]j`e`]pa#bkn#atlh]ejejc#pda#k^oanra`#

ej_na]oa# ej# pda# _upkpkte_# naolkjoa=# dksaran-# pdana# i]u# ^a# iqhpelha# ia_d]jeoio# oej_a#

j]jkpklkcn]ldu#ej`q_a`#se`a#]nn]u#kb#_ahhqh]n#_]o_]`ao/#Wd]p#sa#_]j#_kj_hq`a#eo#pd]p#ECM#

lduoe_]h# _qao# oq_d# ]o# pklkcn]ldu# lh]u# ]# nkha# ej# pda# ]hpan]pekj# kb# _upkpkte_# naolkjoao# pk#

_eolh]pej#ej#pdaoa#dal]pe_#_ahho/#
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Ckllan# pn]jolknpan.2# )CTR.2*# eo# ]# _d]jjah.hega# pn]jolknpan#iai^n]ja#lnkpaej# sepd#4#

pn]joiai^n]ja# `ki]ejo# [51\/# Ip# d]o# ]#gau# nkha# ej# pda# ejepe]h# ejbhqt# ]j`# ]_pera# pn]jolknp# kb#

_eolh]pej#]j`#kpdan#lh]pejqi#`nqco#[52\/#Ahpan]pekjo#ej#_eolh]pej#qlp]ga#d]ra#^aaj#]ook_e]pa`#

sepd# pda#lnaoaj_a#kn#]^oaj_a#kb# pdaoa#na_alpkno#[53\-#]j`#pda#`ahapekj#kb#CTR.2#bnki#ua]op#

]j`# be^nk^h]opo# eo# naolkjoe^ha# bkn# ]j# 91&# na`q_pekj# ej# _eolh]pej# qlp]ga# [54\/# Fqnpdanikna-#

CTR.2.kranatlnaooejc# _ahho# d]ra# oecjebe_]jphu# ej_na]oa`# ejpn]_ahhqh]n# ]__qiqh]pekj# kb#

_eolh]pej#[55\/#Ckjoamqajphu-#pda#harah#kb#CTR.2#eo#oecjebe_]jphu#ik`qh]pa`#^u#pda#ieie_ejc#

kb#j]pqn]h#ECM#_qao#ej`q_a`#^u#pda#351#ji#j]jkl]ppanj-#oej_a#^appan#_upk_kil]pe^ehepu#]j`#

bqj_pekj]hepu# kb#HalG3#]na# ej`q_a`#^u# pdeo#j]jkl]ppanj# [32\/#Wa# _]jjkp# _kj_hq`a# pd]p# pda#

k^oanra`# ej_na]oa# ej# CTR.2# atlnaooekj# eo# pda# kjhu# na]okj# bkn# pda# pklkcn]ldu.ej`q_a`#

ik`ebea`# _upkpkte_# naolkjoa/# Hksaran-# sa# oqccaop# pd]p# ep# lh]uo# ]# nkha# ej# ]``epekj# pk# kpdan#

lnarekqohu#iajpekj#ia_d]jeoio/#Ao#pda#qj`anhuejc#ia_d]jeoi#bkn#pda#]hpan]pekj#eo#jkp#bqhhu#

_ha]n-#sa#sehh#bqnpdan#atlhkna#pdaoa#naoqhpo#ej#bqpqna#opq`eao/#Ao#]#`aalan#qj`anop]j`ejc#kb#pda#

nah]pekjodel# ^apsaaj# pda# pklkcn]lde_]h# ba]pqnao# kb# ECM# ]j`# _ahhqh]n# ^ad]rekn# _kqh`# dahl#

_heje_e]jo#ik`qh]pa#_upkpkte_#`nqc#naolkjoao/#Fqnpdanikna-#ep#_kqh`#d]ra#]#lnkieoejc#nkha#ej#

pda# bqnpdan# na_kcjepekj# kb# ejpnejoe_# _upkpkte_# `nqc# naolkjoao# ]j`# pda# qjemqa# opnq_pqn]h#

`apaniej]jpo#kb#ECM#bkn#oq_d#]#naolkjoa/#

Cahhqh]n#atlkoqna#pk#_eolh]pej#eo#]ook_e]pa`#sepd#]lklpkoeo#]j`#pda#bkni]pekj#kb#jq_ha]n#

opnq_pqn]h# na]nn]jcaiajpo# ]j`# _dnki]pej# _kj`ajo]pekj# [56\/#Sq_d# iknldkhkce_]h# r]ne]pekjo#

_kqh`#^a#k^oanra`#]j`#`ebbanajpe]pa`#qoejc#bhqknao_aj_a#op]ejejc#kb#jq_hae#sepd#Hka_dop#]j`#

lnkle`eqi# ek`e`a# )PI*-# sde_d# ]hhksa`# `ebbanajpe]pekj# kb# ]lklpkoeo# ]j`# ja_nkoeo/# Alklpkpe_#

_ahho# ]na# `kq^ha.op]eja`# sepd# Hka_dop# sepd# _kj`ajoa`# jq_hae# sepd# PI.op]eja`# olkpo-# sdeha#

ja_nkpe_#_ahho#d]ra# h]nca# jq_hae# ejpajoahu#op]eja`#sepd#Hka_dop#]j`#PI# [57\/#Tdeo#ldajkpula#

nalnaoajpo# _ahho# sepd# atlhe_ep# oecjo# kb# ]lklpkoeo# oq_d# ]o# ]# `a_na]oa# ej# _ahhqh]n# oeva# ]j`#
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_dnki]pej# _kj`ajo]pekj# sepd# oq^oamqajp# hk_]hev]pekj# ej# jq_ha]n# ha`cao# )Fecqna# 5.5]*/#

Hksaran-# pda# lan_ajp]ca# kb# pda# kpdan# jq_ha]n# ldajkpula# )ja_nkoeo*# opeiqh]pa`# ^u# _eolh]pej#

`e`# jkp# _d]jca# qlkj# _qhpqnejc# HalG3# _ahho# kran# pda# j]jkl]ppanj# _kil]na`# pk# pda# bh]p#

oq^opn]pa# )Fecqna# 5.5^*/# # Tdaoa# naoqhpo# aild]oeva# pd]p# _eolh]pej# ej`q_a`# ]lklpkoeo# s]o#

ej_na]oa`# kj# j]jkl]ppanj# _kil]na`# pk# bh]p# oqnb]_a-# ej# ]jkpdan# skn`o-# pda# j]jkl]ppanj#

aj_kqjpano# pk# ieie_# pda# ECM# lduoe_]h# _qao# bkhhksejc# _eolh]pej# atlkoqna# ]ccn]r]pa`# pda#

_eolh]pej# _upkpkte_epu-# ej`aa`-# pda#qj`anhuejc#ia_d]jeoi# bkn#oq_d#k^oanr]pekj#jaa`o# bqnpdan#

opq`u#]p#ikha_qh]n#harah#]j`#`ebbanajp#l]pds]uo#sde_d#_kqh`#^a#ejbhqaj_a`#^u#oq_d#_qao/#

Cahh#iknldkhkcu#ej#cajan]h#]j`#pda#na]nn]jcaiajp#kb#]_pej#beh]iajpo#ej#l]npe_qh]n#]na#

i]fkn# `apaniej]jpo# kb# _ahhqh]n# ^ad]rekn/# A_pej# eo# ]# i]fkn# _upkogahap]h# lnkpaej# pd]p#

lkhuianevao# sepdej# _ahho# pk# bkni#pdej-# bhate^ha# be^ano# )beh]iajpo*# ]llnktei]pahu# 8# ji# ej#

`e]iapan#]j`#ql#pk#oaran]h#ie_nkiapano#ej#hajcpd/#Tdaoa#beh]iajpo#]na#knc]jeva`#ejpk#decdhu#

kn`ana`# opnq_pqnao-# bkniejc# ^qj`hao# kn# pdnaa.`eiajoekj]h# japskngo/# Tda# ]ooai^hu# ]j`#

`eo]ooai^hu#kb#]_pej#beh]iajpo#lnkre`a#ia_d]je_]h#oqllknp-#`apanieja#_ahh#od]la-#]j`#bej]hhu#

]hhks# bkn# ikraiajp# kb# pda# _ahh# oqnb]_a-#iecn]pekj-# ]j`# aj`k_upkoeo# [58\/#Fqnpdanikna-# pda#

_kjpejqkqo# naik`ahejc#]j`#lkhuianev]pekj# kb# ]_pej# beh]iajpo# lh]u# ]#gau# nkha# ej# kj_kcaje_#

oecj]hejc#l]pds]uo#]o#sahh#]o#qhpn]opnq_pqn]h#r]ne]pekjo#]ook_e]pa`#sepd#i]hecj]jp#_ahho#[59\/#

Tdaoa# naoqhpo# ej`e_]pa`# pd]p# pda# iknldkhkce_]h# _d]jcao# pd]p# ]na# _d]n]_paneope_# kb#

_eolh]pej#atlkoqna#sana#ik`ebea`#`qa#pk#pda#lnaoaj_a#kb#lduoe_]h#_qao#pd]p#ieie_#pda#ECM/#

Tdaoa#_kj_ajpn]pekj.`alaj`ajp#]hpan]pekjo#ej_hq`a#_d]jcao#ej#oqnb]_a#_d]n]_paneope_o-#_ahhqh]n#

od]la-# ]j`# ]hecjiajp/# Ckjoamqajphu-# pdaoa# k^oanr]pekjo# qj`anheja# pda# nkha# kb# pda# _ahhqh]n#

ie_nkajrenkjiajp#ej#`nqc#oajoeperepu-#]j`#]na#_nepe_]h#bkn#bqpqna#opq`eao#ejpk#pda#ia_d]jeoio#

]j`#opnq_pqn]h#`apaniej]jpo#kb#`nqc#naoeop]j_a#kb#_]j_an#_ahho/#

#
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Ij# oqii]nu-# sa# at]ieja`# pda# pkte_epu# kb# _eolh]pej# bkn# dal]pe_# _ahho# ej# lnaoaj_a# kb#

i]jelqh]pa`# oq^opn]pao# pd]p# ieie_# ECM# _qao/# Tda# pklkcn]ldu# i]jelqh]pekj# ]o# ]# i]fkn#

`apaniej]jp#kb# _upkpkte_# naolkjoao#kb# ]# `nqc# BE#LBJHF#s]o#k^oanra`/#Sej_a# ]# ik`qh]pekj# kb#

pklkcn]ldu# cna]phu# ej_na]oa`# pda# _upkpkte_epu# ej`q_a`# ^u# _eolh]pej/# A# decdan# _upkpkte_#

naolkjoa# s]o# k^oanra`# sdaj# _ahho# sana# _qhpqna`# kran# pda# j]jkl]ppanj# nah]pera# pk# pda# bh]p#

oqnb]_a/# Fqnpdanikna-# ]hpan]pekjo# ej# oq^opn]pqi# pklkcn]ldu# ej# pda# lnaoaj_a# kb# _eolh]pej#

ej`q_a #̀ pn]jobkni]pekjo# ej# _dnki]pej# _kj`ajo]pekj-# _ahhqh]n# od]la-# kneajp]pekj-# ]j`# _ahh#

]hecjiajp#nah]pera#pk#]#bh]p#oqnb]_a/#Tdqo-#sa#_kj_hq`a#pda#eilknp]jp#nkha#kb#ECM#ahaiajp]h#

_qa#ypklkcn]lduz#ej#pda#i]jelqh]pekj#kb#dal]pk_ahhqh]n#naolkjoao#pk#]#_upkpkte_#]cajp/#A#`aal#

qj`anop]j`ejc# kb# pdeo# nkha# bkn# ]# se`a# ]nn]u# kb# _ahho# _kqh`# ^a# bqnpdan# atlhkepa`# pk# lnk`q_a#

`eopejcqeoda`# ^ekieiape_# oqnb]_ao/# Sq_d# oqnb]_a# _kqh`# ^a# qpeheva`# bkn# pda# `arahkliajp# kb#

ikna#]__qn]pa#]j`#oajoepera#`nqc.pkte_epu#]j]huoeo/#

#

#

! !
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[2\#P]iqh]#E-#Da#Cqlana#V-#Dqbnaja#YF-#Rkqtdap#PG-#N]jko_]ha#knc]jev]pekj#kb#]`okn^a`#

_khh]caj<#ejbhqaj_a#kb#oq^opn]pa#du`nkldk^e_epu#]j`#]`oknlpekj#peia-#J#Ckhhke`#Ijpanb]_a#

S_e/-#3115=#382<#91.;2/#

[3\#G]oeknksoge# JZ-#Mqnldu#CJ-#Na]hau#PF-#Beklduoe_]h#Cqao#]j`#Cahh#Bad]rekn<#Tda#Bec#

Iil]_p#kb#Leppha#Tdejco-#Ajj#Rar#Bekia`#Ejc/-#3124=#26<#266.287/#

[4\# Hq^i]_dan# D-# Alpa# SS-# Tda# ^ekhkcu# kb# pda# atpn]_ahhqh]n# i]pnet<# jkrah# ejoecdpo-# Cqnn#

Olej#Rdaqi]pkh/-#3124=#36<#76.81/#

[5\# Lqg]odar# ME-#Wan^# Z-# ECM# oecj]hhejc<# kn_daopn]pejc# _ahh# ^ad]rekn# ]j`# ieo^ad]rekn-#

Tnaj`o#Cahh#Bke/-#2;;9=#9<#548}552/#

[6\# W]pp#FM-# Hq_g# WTS-#Rkha# kb# pda#atpn]_ahhqh]n# i]pnet#ej# nacqh]pejc# opai#_ahh#b]pa-# N]p#

Rar#Mkh#Cahh#Bekh/-#3124=#25<#578}584/#

[7\# Majc# Q-# Tdnaa.`eiajoekj]h# _qhpqna# kb# dal]pk_upao# bkn# lna`e_pekj# kb# `nqc.ej`q_a`#

dal]pkpkte_epu-#Etlanp#Olej#Dnqc#Map]^#Tkte_kh/-#3121=#7<#844.857/#

[8\# Bnqejejg# A-# Bep]n# M-# Phaogkr]# M-# We_g# P-# Knqc# HF-# M]jeqn].Wa^an# K-# A``epekj# kb#

j]jko_]ha`# ^ekejolena`# oqnb]_a# ba]pqnao<# A# narkhqpekj# bkn# ^kja.nah]pa`# eilh]jpo# ]j`#

o_]bbkh`o@-#J#Bekia`#M]p#Rao#P]np#A/-#3125=#213<#386.3;5/#

[9\# C]nhkje# V-# Lqkjc# TV-# Rki^kqpo# K-# Hal]pe_# opahh]pa# _ahho# ]j`# atpn]_ahhqh]n# i]pnet# ej#

dal]pk_ahhqh]n# _]n_ejki]<# ikna# _kilhe_]pa`# pd]j# aran-# heran# ejpanj]pekj]ho-#

DOI<21/22220her/23576#

[;\# Ncquaj.Nck_#K.V-# Cdaqjc# K# J-# Bnajkp# A-# Sd]ien# Ru]j# ER-# Gn]u# S-# Hejao# WC-#

Y]osaj#P-#Wan^#Z-#Es]h`#AJ-#ECM#ie_nkajrenkjiajp# nacqh]pao# _khha_pera# iecn]pekj#

]j`#hk_]h#`eooaiej]pekj#ej#jkni]h#]j`#i]hecj]jp#i]ii]nu#alepdaheqi-#Pnk_#N]p#A_]`#

S_e/-#3213=#21;<#E36;6}E3715/#
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[21\# Y]jc# C-# Zaeo^anc# M-#Lerahu# J# C-#Nu^anc# P-# Ab`d]h# N-# K]hhqne# R-# Ijpacnej# "2#2# ]j`#

"3#2# Ana# pda# Kau# Racqh]pkno# kb# Hal]pk_]n_ejki]# Cahh# Ijr]oekj# A_nkoo# pda# Fe^nkpe_#

M]pnet#Me_nkajrenkjiajp-#C]j_an#Rao--#3114=#74<#9423.9428/#

[22\#Gkapv#JG-#Mejcqap#S-#N]r]nnk.L� ne`]#I-#L]v_]jk#JJ-#ap#]h/-#Bekia_d]je_]h#Raik`ahejc#

kb#pda#Me_nkajrenkjiajp#^u#Spnki]h#C]rakhej.2#F]rkno#Tqikn#Ijr]oekj#]j`#Map]op]oeo-#

Cahh-#3122=#257<#259.274/#

[23\# P]ovag# MJ-# Z]den# N-# Jkdjokj# KR-# L]gejo# JN-# Rkvaj^anc# GI-# ap# ]h/-# Tajoekj]h#

dkiakop]oeo#]j`#pda#i]hecj]jp#ldajkpula#C]j_an-#Cahh-#3116=#9<#352}365/#

[24\#Ijc^an#DE-#M]`ne#JA-#J]ieaokj#JD-#Naklh]ope_#`eoknc]jev]pekj#kb#l]j_na]pe_#alepdahe]h#

_ahh._ahh#nah]pekjo<#Rkha#kb#^]oaiajp#iai^n]ja-#Ai#J#P]pdkh/-#2;96=#232<#359}371/#

[25\#W]jc#F-#H]joaj#RK-#R]`eogu#D-#Ykja`]#T-#B]n_ahhko.Hkbb#MH-#Papanoaj#OW-#Tqnhau#

EA-# # Beooahh# MJ-#Pdajkpule_# naranoekj# kn# `a]pd# kb# _]j_an# _ahho# ^u# ]hpanejc# oecj]hejc#

l]pds]uo#ej#pdnaa.`eiajoekj]h#_kjpatpo-#J#N]ph#C]j_an#Ijop/-#3113=#;5<#25;5}614#

[26\#Sapde#T-#Rejpkqh#RC-#Mkkna#SM-#M]_Kejjkj#AC-#S]hpan#D-#Cdkk#C-#ap#]h/-#Etpn]_ahhqh]n#

i]pnet#lnkpaejo#lnkpa_p# oi]hh#_ahh# hqjc#_]j_an#_ahho# ]c]ejop#]lklpkoeo<#]#ia_d]jeoi#bkn#

oi]hh#_ahh#hqjc#_]j_an#cnkspd#]j`#`nqc#naoeop]j_a#ej#rerk-#N]p#Ma`/-#2;;6=#6<#773.779/#

[27\#Ckjpe# JA-#Kaj`]hh#TJ-#B]pai]j# A-#Aniopnkjc#TA-#P]l].A`]io#A-#Xq#Q-# ap# ]h/-#Tda#

`aoiklh]ope_# na]_pekj# oqnnkqj`ejc# dal]pe_# _khkna_p]h# ]`ajk_]n_ejki]# iap]op]oao# ]e`o#

pqikn# cnkspd# ]j`# oqnrer]h# re]# ]hld])r*# ejpacnej# hec]pekj-# Chej# C]j_an# Rao/-# 3119=# 25<#

7516.7524/#

[28\#S_dn]`an#J-#Gkn`kj.W]hgan#TT-#Aq_kpp#RL-#Daaipan#MV-#Qq]]o#A-#W]hod#S-#Bajpaj#D-#

Fkn^ao# SJ-# Wahho# RG-# Ina`]ha# JP-# M]pnet# opebbjaoo# ik`qh]pao# lnkheban]pekj-#

_daikpdan]laqpe_# naolkjoa-# ]j`# `kni]j_u# ej# dal]pk_ahhqh]n# _]n_ejki]# _ahho-#

Hal]pkhkcu-#3122=#64<#22;3}2331/#
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[29\#Larajp]h#KR-#Yq#H-#K]oo#L-#L]gejo#JN-#Eca^h]`#M-#Enhan#JT-#ap#]h/-#M]pnet#_nkoohejgejc#

bkn_ao#pqikn#lnkcnaooekj#^u#ajd]j_ejc#ejpacnej#oecj]hejc-#Cahh-#311;=#24;<#9;2.;17/#

[2;\#Bkgd]ne#M/-#C]nj]_d]j#RJ-#C]iankj#NR-#Pnvu^knoge#SA-#Cqhpqna#kb#HalG3#heran#_ahho#

kj# pdnaa#`eiajoekj]h#lkhuopunaja#o_]bbkh`o# ajd]j_ao# _ahh# opnq_pqna#]j`# bqj_pekj#`qnejc#

pkte_khkce_]h#_d]hhajca-#J#Aj]p/-#3118=#322<678}687#

[31\# Kearep# FM-## Fhkn_vug# SJ-## Laqjc# MC-# Vaeoad# O-# P]ng# JO-# Deoeo# ML-# Zd]jc# M-#

Cdepko]j}]hcej]pa# 4D# o_]bbkh`o# ]o# ]# ieie_# kb# pda# cheki]# pqikn# ie_nkajrenkjiajp-#

Beki]pane]ho-#3121=#42<#6;14}6;21/#

[32\#A^`ahh]pab#S#A-#Ode#A-#N]^]p]ia#T-#T]jecq_de#A-#Ij`q_pekj#kb#dal]pk_upa# bqj_pekj]h#

lnkpaej#atlnaooekj#^u#oq^ie_nkj0j]jk.l]ppanjejc#oq^opn]pao#pk#ieie_#ej#rerk#opnq_pqnao-#

Beki]pan#S_e/-#3125=#3<#441}449/#

[33\#Eh.S]uu]`#HI-# Ioi]eh#MF-#Sd]h]^u#Fi-#A^kq.Eh.M]c`#RF-#G]qn#RL-#Fanj]j`k#A-#R]f#

MHG-# Oqdpep# A-# Heopkl]pdkhkce_]h# abba_po# kb# _eolh]pej-# `ktknq^e_ej# ]j`# 6.bhqnkqn]_eh#

)6.FU*#kj#pda#heran#kb#i]ha#]h^ejk#n]po/#Ijp#J#Bekh#S_e/-#311;=#6<#577.584/#

[33\# Becco# MJP-# Re_d]n`o# RG-## G]`ac]]n`# N-# Wehgejokj# CDW-# Onabbk# ROC-# D]h^u# MJ-#

Tda# qoa#kb# j]jko_]ha# pklkcn]ldu# pk# ik`qh]pa# pda# `uj]ie_o# kb# ]`daoekj# bkni]pekj# ej#

lnei]nu# kopak^h]opo# ]j`# ERK0MAPK# oecj]hhejc# ej# STRO.2,# ajne_da #̀ ogahap]h# opai#

_ahho-#Beki]pane]ho-#311;=#41<#61;5}6214/#

[34\# Becco# MJP-# Re_d]n`o# RG-#D]h^u# MJ-# N]jkpklkcn]lde_]h# ik`ebe_]pekj<# ]# nacqh]pkn# kb#

_ahhqh]n# bqj_pekj# pdnkqcd# bk_]h# ]`daoekjo-# N]jkia`<# N]jkpa_djkh# Bek# Ma`/-# 3121=#7<#

72;}744/# #

[35\# Wae# SQ-# Sqe# LH-# Zdajc# JH-# Zd]jc# GM-# K]k# YL-# Rkha# kb# ERK203# gej]oa# ej#

_eolh]pej.ej`q_a`#]lklpkoeo# ej#dqi]j#kr]ne]j# _]n_ejki]#_ahho-#Cdej#Ma`#S_e#J/-#3115=#

2;<#236}23;/#
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[36\#H]u]g]s]#J-#Odie_de#M-#Kqn]_de#H-#Igac]ie#H-#Keiqn]#A-#M]poqkg]#T-#Jeged]n]#H-#

Man_kh]# D-# Mqn]p]# Y-# Ijde^epekj# kb# atpn]_ahhqh]n# oecj]h.nacqh]pa`# lnkpaej# gej]oa# kn#

_.Jqj#N.paniej]h#lnkpaej#gej]oa#_]o_]`a-#`ebbanajpe]hhu#]_per]pa`#^u#_eolh]pej-#oajoepevao#

dqi]j#kr]ne]j#_]j_an#_ahh#heja-#J#Bekh#Cdai/-#2;;;=#385<#42759}42765/#

[37\# Wkaooi]jj# W-# Cdaj# X-# Bkngd]n`p# A-# R]o.ia`e]pa`# ]_per]pekj# kb# ERK# ^u# _eolh]pej#

ej`q_ao# _ahh#`a]pd# ej`alaj`ajphu#kb#l64#ej#kopako]n_ki]#]j`#jaqnk^h]opki]#_ahh# hejao-#

C]j_an#Cdaikpdan#Pd]ni]_kh/-#3113=#61<#4;8}515/# #

[38\# W]jc# X-# M]npej`]ha# JL-# Hkh^nkkg# NJ-# Ramqenaiajp# bkn# ERK# ]_per]pekj# ej#

_eolh]pej.ej`q_a`#]lklpkoeo-#J#Bekh#Cdai/-#3111=#386<#4;546}4;554/#

[39\# Nks]g# G-# Pnkpaej# gej]oa# C.]hld]# ]j`# ERK203# ia`e]pa# iepk_dkj`ne]h# `uobqj_pekj-#

`a_na]oao#ej#]_pera#N],#pn]jolknp-#]j`#_eolh]pej.ej`q_a`#]lklpkoeo#ej#naj]h#_ahho-#J#Bekh#

Cdai/-#3113=#388<#54488}54499/#

[3;\#Bnkvkre_#A-#Ooi]g#M-#A_per]pekj#kb#iepkcaj.]_per]pa`#lnkpaej#gej]oao#^u#_eolh]pej#]j`#

pdaen#nkha#ej#_eolh]pej.naoeop]j_a-#C]j_an#Lapp/-#3118=#362<#2}27/#

[41\#W]jc#D-#Lell]n`#SJ-#Cahhqh]n#Pnk_aooejc#Ob#Ph]pejqi#Ajpe_]j_an#Dnqco-#N]p#Rar#Dnqc#

Deo/-#3116=#5<#418.431/#

[42\# Anjao]jk# F-# N]peha# G-# Ma_d]jeope_# ejoecdp# ejpk# _ahhqh]n# qlp]ga# ]j`# lnk_aooejc# kb#

_eolh]pej# 41# ua]no# ]bpan# epo# ]llnkr]h# ^u# FDA# _kkn`ej]pekj-# _dai# nar/-# 311;=# 364<#

3181.3192/#

[43\#S]b]ae#R-#K]p]jk#K-#S]ieie#G-#Hkhvan#AK-#N]an`ai]jj#W-#Hksahh#SB-#Ckjpne^qpekj#

kb#aj`k_upe_#l]pds]uo#pk#pda#qlp]ga#kb#_eolh]pej#ej#oajoepera#]j`#naoeop]jp#kr]ne]j#_]j_an#

_ahho/#AACR#Maapejc#A^opn]_po-#3115<#231.^/#

#

#
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[44\#Tak#BK-#Gkd#SH-#Kqop]j`e#TS-#Lkd#WW-#Lks#HY-#Yei#EK-#Tda#abba_p#kb#ie_nk#]j`#

j]jkpklkcn]ldu#kj#aj`k_upkoeo#ej#`nqc#]j`#caja#`aheranu#ouopaio-#Beki]pane]ho-#3122=#

43<#;977.86/#

[45\#Kei#J-#Kei#HN-#Lei#K.T-#Kei#Y-#Sakjskk#H-#P]ng#SH-#Lei#HJ-#Kei#D.H-#Sqd#K.Y-#

Cdkqjc# P.H-# Cdkqjc# Y.H-# Cdqjc# JH-# Daoecjejc# j]jkpklkcn]lde_]h# `ajoepu# kb#

atpn]_ahhqh]n# i]pnet# bkn# _kjpnkhha`# iknldkhkcu# ]j`# bqj_pekj# kb# dqi]j# iaoaj_dui]h#

opai#_ahho-#S_eajpebe_#nalknpo#-#3124=#4<#2.22/#

[46\# Taetaen]# AI-# Na]hau# PF-# Mqnldu# CJ-# Raolkjoao# kb# dqi]j# gan]pk_upao# pk# ie_nk.# ]j`#

j]jkopnq_pqna`#oq^opn]pao-#J#Bekia`#M]pan#Rao#P]np#A/-#3115=#82A<#47;.487/#

[47\# W]jc# P.Y-## Yq# J-# Lej# J.H-# To]e# W.B-# Mk`qh]pekj# kb# ]hecjiajp-# ahkjc]pekj# ]j`#

_kjpn]_pekj#kb#_]n`ekiuk_upao#pdnkqcd#]#_ki^ej]pekj#kb#j]jkpklkcn]ldu#]j`#nece`epu#kb#

oq^opn]pao-#A_p]#Beki]pan/-#3122=#8<#4396}43;4/#

[48\#L]iano#E-#Hknooaj#RV-#Reap#JT-#V]j#Dahbp#FCMJM-#Lqppca#R-#W]h^kkiano#XF-#J]joaj#

J#A-#Tda#Ijbhqaj_a#kb#N]jko_]ha#Tklkcn]lde_]h#Cqao#kj#Ijepe]h#Oopak^h]op#Mknldkhkcu#

]j`#Mecn]pekj#Eqnk-#Cahho#'#M]pan/-#3121=#31<#43;.454/# #

[49\#Yei#EKF-#D]nhejc#EM-#Kqh]jc]n]#K-#Gqeh]g#F-# # Lakjc#KW-#N]jkpklkcn]ldu.ej`q_a`#

_d]jcao# ej# bk_]h# ]`daoekjo-# _upkogahap]h# knc]jev]pekj-# ]j`# ia_d]je_]h# lnklanpeao# kb#

dqi]j#iaoaj_dui]h#opai#_ahho-#Beki]pane]ho-#3121=#42<#23;;}2417/#

[4;\# Nkoa#Y-# Raao# EM-# Tdeaha# DJ-#Spnq_pqna# kb# pda# Cpn2# _kllan# pn]jolknpan# nara]ho# jkrah#

]n_depa_pqna-#Tnaj`o#ej#Bek_dai#S_e/-#3117=#42<#715}718/#

[51\# S]b]ae# R-# Hksahh# SB-# Ckllan# pn]jolknpano# nacqh]pa# pda# _ahhqh]n# ld]ni]_khkcu# ]j`#

oajoeperepu#pk#Pp#`nqco-#Cnep#Rar#Oj_kh#Hai]pkh/-#3116=#64<#24.34/#

[52\# Ce]nei^khe# G-# Mai^n]ja# Tn]jolknpano# ]o# Ma`e]pkno# kb# Ceolh]pej# Ebba_po# ]j`# Se`a#

Ebba_po-#S_eajpebe_]-#3123<#2.29/#
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[53\# Iode`]# S-# Laa# J-# Tdeaha# DJ-# Hanogksepv# I-# Ulp]ga# kb# pda# ]jpe_]j_an# `nqc# _eolh]pej#

ia`e]pa`# ^u# pda# _kllan# pn]jolknpan# Cpn2# ej# ua]op# ]j`# i]ii]ho-#Pnk_#N]pe# A_]`# S_e/-#

3113=#;;<#253;9}25413/#

# [54\#Hkhvan# AK-#S]ieie#G-#K]p]jk#K#ap# ]h/-# pda# _kllan# ejbhqt# pn]jolknpan# dqi]j#_kllan#

pn]jolknp#lnkpaej#2# nacqh]pao# pda#qlp]ga#kb# _eolh]pej# ej#dqi]j#kr]ne]j# _]n_ejki]#_ahho-#

Mkh#Pd]ni/-3115=#77<#928}934/#

[55\#R]iko#JM-#Anna^kh]#F-#Fanj� j`av.Canrehh]#FJ-#Cnaolk#V-#Fanj� j`av.Sacqn]#E-#Eha_pnkj#

Pnk^a# X.R]u# Me_nk]j]huoeo# kb# Ceolh]pej# Ij`q_a`# Cahh# Da]pd# ej# R]pa#

Pdajk_dnkik_upki]#PC23-#Cahho#Heopkh#Heopkl]pdkh/-#3123=#37<#444.453/#

[56\#Ajaop� h#K-#Anj� n#ESJ-#Ejvuia#Ckjp]ejejc#Sahajk_uopaeja#Ra`q_p]oa#2#^qp#Nkp#^u#pda#

Fqhhu#A_pera#Sahajeqi._kilnkieoa`#Tdekna`ktej#R]le`#Ij`q_pekj#kb#Cahh#Da]pd-#J#Bekh#

Cdai/-#3114=#389<#26;77.26;83/#

[57\#Ckklan#GM-#Tda#Cahh<#A#Mkha_qh]n#Allnk]_d/#3j`#a`epekj/#Sqj`anh]j`#)MA*<#Sej]qan#

Aook_e]pao=# 3111/# Spnq_pqna# ]j`# Onc]jev]pekj# kb# A_pej# Feh]iajpo/# Ar]eh]^ha# bnki<#

dppl<00sss/j_^e/jhi/jed/ckr0^kkgo0NBK;;190#

[58\# Gkj� ]hrao# EM-#Vajpqn]# CA-#Y]jk# T-#Rk`necqao# M]_a`k# ML-## Gaj]ne# SC-#

Mknldkhkce_]h#]j`#cnkspd#]hpan]pekjo# ej#Vank#_ahho# pn]jobknia`#^u#_eolh]pej-#Cahh#Bekh#

Ijp/-#3117=#41<#596.;5/#
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6RKZ]O[!.!

Ckj_hqoekj#Rai]ngo#]j`#bqpqna#]ola_po#

*'!6YXMV^\SYX\!

Ij# pdeo#skng# I# pnea`# pk#kran_kia# okia# kb# _d]hhajcao# ]ook_e]pa`# sepd# pda#qpehev]pekj#kb#

dal]pe_#_ahho# bkn# BE#LBJHF#`nqc#]j]huoeo#]llhe_]pekjo/#Sej_a# pda#`a_na]oa`# ej#bqj_pekj]hepeao#eo#

kja# kb# pda# i]fkn# lnk^haio# pd]p# dej`ano# pda# r]he`epu# ]j`# ]__qn]_u# kb# oq_d# _ahho# bkn#

ld]ni]_aqpe_]h#ej`qopneao#]j`#`nqc#]j]huoeo#opn]paceao/#Sk#I#pnea`# pk#`apanieja# pda#ejbhqaj_a#

kb# ieie_gejc# r]nekqo# ECM# _qao# ^u# lduoe_]hhu# ]j`# _daie_]hhu# i]jelqh]pa# pda# oqnb]_a# kb#

oq^opn]pao# ]j`# pda# dal]pk_ahhqh]n# naolkjoao# ]j`# bqj_pekj]hepeao/# Sej_a# ieie_gejc# kb# pda#

j]pera# _ahhqh]n# ajrenkjiajp# kn# ECM# eo# ]# bqj`]iajp]h# lnk_aoo# bkn# pda# `arahkliajp# kb#

^eki]pane]ho# sepd# eilnkra`# _ahh# ejpacn]pekj# lnklanpeao# ]j`# bqj_pekj]hepeao/# Ao# oq_d-# i]ju#

d]ra#bk_qoa #̀pdaen#naoa]n_d#]^kqp#pda#`arahkliajp#kb#r]nekqo#pa_djemqao#]j`#iapdk`khkceao#

bkn# ieie_gejc# oq_d# ECM# _qao# )]o# opebbjaoo-# pklkcn]ldu-# ECM# _kilkoepekjo*# pk# pnu# pk#

ehhqopn]pa# pda# aooajpe]h# b]_pkno# pd]p# oeiqh]pa# pda#ECM#_qao# ]j`# epo# nkha# ej# pda#lnkikpekj# kb#

_ahhqh]n#^ad]rekno/#Uj`anop]j`ejc# oq_d# b]_pkno# kj# sde_d# ola_ebe_# oqlanbe_e]h# _d]n]_paneope_o#

kb# i]pane]h# _]j# lnkikpa# kn# `a_na]oa# pda# _ahhqh]n# lanbkni]j_a# eo# eilknp]jp# bkn# pda#

`arahkliajp# kb# _ahh# ejopnq_pera# ^eki]pane]ho# sepd# ola_ebe_# _ahhqh]n# ejpacn]pekj# lnklanpeao#

aola_e]hhu# pk# ^a# qpeheva`# bkn# pda# eilnkraiajp# kb# _qnnajp# _qhpqna# oq^opn]pao/# Fqnpdanikna-#

_ahhqh]n# e`ajpepeao# hegaseoa#i]pane]h#_d]n]_paneope_o#lh]u# pda#gau#nkha# ej# pda#`apaniej]pekj#kb#

oq_d#_ahh.i]pane]h#ejpan]_pekjo/# #

Ckjoamqajphu-# okia# p]jce^ha# oqlanbe_e]h# _d]n]_paneope_o# kb# ^eki]pane]ho# pd]p# _]j# ^a#

ejrkhra`# ej# lnk`q_pekj# kb# _ahh# _qhpqna# oq^opn]pao# bkn# dal]pe_# _ahho#sepd# ikna# r]he`# BE#LBJHF#

`nqc# ]j]huoeo# sana# e`ajpebea`# ]p# pda# aj`# kb# pdeo# naoa]n_d/# Eraj# pdkqcd# oaran]h# b]_pkno# ]j`#

_qao#d]ra#jkp#^aaj#]j]huva`#uap# pd]p#_kqh`#^a#qpeheva`#ej#pda#b]^ne_]pekjo#kb# _ahh#ejopnq_pera#
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^eki]pane]ho# bkn# dal]pk_ahhqh]n# ]llhe_]pekjo# )becqna# 6.2*# okia# kb# pdaoa# b]_pkno# sehh# ^a#

ehhqopn]pa`#ej#bqpqna#]ola_po/# #

#

9SQ^[O!*&.<#Tda#opalo# pk#ej_na]oa#pda#dal]pk_ahhqh]n# bqj_pekj]hepeao#^u#ieie_gejc# okia#kb#

ECM#ahaiajp]h#_qao#ej.rerk#]o#pklkcn]ldu#kn#lalpe`a#ikpebo/# #

#

Tda#PS[\]!6RKZ]O[#_kjp]ejo#]j#ejpnk`q_pekj#nac]n`ejc#pda#eilknp]j_a#]j`#bqj_pekj]hepeao#

kb# heran# _ahho# ejoe`a# pda# ^k`u# ]j`# ej# ld]ni]_aqpe_]h# ej`qopneao# ]bpan# pd]p# pda# `ebbanaj_ao#

^apsaaj# dal]pk_ahhqh]n# naolkjoao# BE#LBJHF# ]j`# BE#LBLF# ]na# ehhqopn]pa`/# A# ^neab# `abejepekj# kb#

ECM#]j`#epo# bqj_pekj]hepeao#]o#]#lkooe^ha#na]okj# bkn#oq_d#`eo_nal]j_eao#]na#iajpekja`/#Tda#

atlh]j]pekjo# kb# r]nekqo# ECM# _qao# sepd# ]# `ao_nelpekj# kb# pda# ]r]eh]^ha# iapdk`khkceao# pk#

ieie_# heran#ECM#sana#sneppaj/#Tda# na]okjo# bkn# pda# qpehev]pekj#kb# oujpdape_#^eki]pane]h# bkn#

BE#LBJHF#peooqa#_qhpqna#oq^opn]pao-#pda#nkha#kb#i]pane]h#pklkcn]ldu#pk#_kjpnkh#pda#dal]pk_ahhqh]n#

naolkjoao-# pda# nkha#kb#RGD#]o#]# _daie_]h#ik`qh]pkn# bkn#dal]pe_#^ad]rekno#sana# atlh]eja`/#

Fej]hhu-#pda#ikper]pekjo#]j`#lqnlkoa#kb#oq_d#skng#]na#ehhqopn]pa`-#bkhhksa`#^u#]j#atlh]j]pekj#
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kb# iu# dulkpdaoeo-# skng# opn]paceao-# sepd# ]j# ehhqopn]pekj# kb# pda# nah]pekjodel# ^apsaaj# kqn#

b]^ne_]pa`# j]jkl]ppanjzo# _d]n]_paneope_o# ]j`#j]pera#ECM#_qao-# ]bpan# pd]p# pda# na]okjo# bkn# pda#

qoa# kb# TeO3# behi# oqnb]_a# _k]pejc# bkn# kqn# j]jkl]ppanj# ]j`# bh]p# oq^opn]pao/# Dap]eha`# skng#

opn]paceao#]j`#naoqhpo#]na#`ao_ne^a`#ej#_d]lpan#3.5/#

Tda!\OMYXN!MRKZ]O[#`ao_ne^ao#pda#nah]pekjodel#^apsaaj#pda#i]jelqh]pekj#kb#cakiapne_]h#

]j`#`eiajoekj]h#_d]n]_paneope_o#kb#j]jkl]ppanj#]j`#pda#_kjpnkh#kb#dal]pe_#_ahh#heja#^ad]rekno/#

Sej_a#oq_d#qoa`#j]jkl]ppanjo#sana#b]^ne_]pa`#^u#aha_pnkj#^a]i#hepdkcn]ldu#]j`#]pkie_#h]uan#

`alkoepekj/#Tda#iknldkhkce_]h# ]j`# bqj_pekj]h# naolkjoao# ej# pda#dal]pe_# _ahh# heja# ej`q_a`#^u#

oq_d# `eranoebea`# j]jkba]pqnao# sana# _d]n]_paneva`# qoejc# bhqknao_ajp# eiiqjkop]ejejc#

pa_djemqao/# Tda# atlnaooekjo# kb# bqj_pekj]h# lnkpaejo# oq_d# ]o# ]h^qiej-# pn]jobannej# ]j`#

_upk_dnkia#P561#sana#paopa`#]o#bqj_pekj]h#i]ngano/#Tda#ejpan]_pekjo#kb#oq_d#dal]pe_#_ahh#heja#

sepd#j]jkl]ppanjo-#sde_d#d]ra#dapankpnkle_#`eiajoekjo-#i]u#nacqh]pa#_ahhqh]n#bqj_pekj#oej_a#

pda# ej_na]oa# kb# pda# ejpanol]_a#^apsaaj# j]jkcn]pejco# s]o# ]ook_e]pa`# sepd# ]# `a_na]oa# ej# pda#

dal]pk_ahhqh]n#bqj_pekj]hepeao/#Fqnpdanikna-#pda#cakiapnu#hegaseoa#`eiajoekj#kb#j]jkba]pqnao#

_kqh`# ^a# abba_pera# pkkh# pk# _kjpnkh# _ahhqh]n# ^ad]rekno-# oej_a# pda# ]hpan]pekj# kb# dean]n_de_]hhu#

atpaj`a`# _khh]caj# hega# opnq_pqnao# bnki# ]# _kjpejqkqo# heja]n# od]la# pk# ejpanieppajp# na_p]jchao#

hksana`# pda# _ahhqh]n# bqj_pekj]hepu# kb#HalG3#_ahho/#N]jkl]ppanj#sepd#cn]pejc# od]la#]j`#351#

ji# odksa`# ikna# pd]j# 7# bkh`o# ej_na]oa# ej# pda# lnk`q_pekj# kb# ]h^qiej# _kil]na`# pk# bh]p#

oqnb]_ao/#Sk#sa#_]j#_kj_hq`a#pd]p#^ekbqj_pekj]hepu#]j`#_upk_kil]pe^ehepu#kb#dal]pe_#_ahh#heja#

_]j#^a#ej_na]oa`#^u#pda#lduoe_]h#r]ne]pekj#ej#oq^opn]pao#]o#pklkcn]ldu/#E`ca#pk#a`ca#ol]_ejco#

]j`# ba]pqna# ik`aho-# ]na# eilknp]jp# `apaniej]jpo# bkn# pda# ej_na]oa# kb# dal]pk_ahhqh]n#

bqj_pekj]hepeao/# Tdeo# oq^opn]pqi# pklkcn]ldu# sepd# oecjebe_]jphu# ej_na]oa`# dal]pe_#

bqj_pekj]hepeao#_]j#^a#qoa #̀bkn#pda#`arahkliajp#kb#_ahh#_qhpqna#oq^opn]pao#pd]p#_]j#^a#qpeheva`#

ej# ikna# ]__qn]pa# BE#LBJHF# `nqc# ]j]huoeo# ]j`# paopejco# Nkp# kjhu# bqj_pekj]h# lnkpaej# oa_napekjo#
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sana#]bba_pa`#^u#od]la#kb#pklkcn]ldu#^qp#]hok#pda#i]jelqh]pekjo#kb#_ahhqh]n#kneajp]pekj-#_ahh#

]hecjiajp#]j`#j]pera#atpn]_ahhqh]n#i]pnet#)ECM*#]ooai^hu#sana#ej`q_a`#^u#pda#cakiapnu#kb#

oq_d#j]jkpklkcn]ldeao/#Tklkcn]ldu#i]jelqh]pekjo#pk#ieie_#ECM#_qao#ej#oq^opn]pao#_]j#^a#

qpeheva`# jkp# kjhu# pk# ej_na]oa# bqj_pekj]h# lnkpaej# atlnaooekj# )Fecqna# 6.2*/# Ckjoamqajphu-#

lduoe_]h# _d]n]_paneope_o# kb# j]jkba]pqnao# ]o# oeva# ]j`# cakiapnu# ]na# _nq_e]h# nacqh]pknu#

`apaniej]jp#kb#dal]pk_ahhqh]n#naolkjoao#]j`#bqj_pekj]hepeao#oej_a#_ahho#sana#]^ha#pk#pn]jo`q_a#

pda# ]hpan]pekj# kb# oqlanbe_e]h# _d]n]_paneope_o# sepd# oq^oamqajp# _d]jca# ej# pda# bqj_pekj]h# ]j`#

kneajp]pekj]h#]ola_po/# #

#

9SQ^[O! .&*<# Dale_po# pda# ejbhqaj_a# kb# lduoe_]h# r]ne]pekjo# ]o# oeva# ]j`# od]la# kb#

j]jkopnq_pqnao#bkn#pda#ik`qh]pekj#kb#_ahhqh]n#bqj_pekj]hepu#]j`#_upk_kil]pe^ehepu/#

#

Tda!]RS[N!6RKZ]O[#`ao_ne^ao#pda#ejpacn]pekj#kb#_daie_]h#]j`#lduoe_]h#ECM#_qao#ej#

]#oejcha#oq^opn]pa#]j`#nkha#kb#oq_d#ejpacn]pekj#kj#pda#dal]pk_ahhqh]n#naolkjoao/#Tdeo#s]o#`kja#

^u# pda# ej_knlkn]pekj#kb#knc]je_#ikeapeao#sepd#ola_ebea`# _ahhqh]n# bqj_pekj]hepu-# oq_d#]o#RGD#

ikpebo-#ejpk#pda#`alkoepa`#TeO3#ejknc]je_#behi#qoejc#]j#ajvuia#_]p]huva`#kte`]pekj#na]_pekj/#

Tda# nkha# kb# oeiqhp]jakqohu# _ki^ejejc# oq_d# `eranoebea`# _qao# kj# pda# iknldkhkce_]h# ]j`#

bqj_pekj]h# naolkjoa# kb# HalG3# _ahho# s]o# ejraopec]pa`# qoejc# bhqknao_ajp# eiiqjkop]ejejc#

pa_djemqao/# A# oecjebe_]jp# ajd]j_aiajp# ej# pda# atlnaooekj# kb# heran.ola_ebe_# i]ngano# s]o#
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k^oanra`#kj#RGD._k]pa`#oqnb]_ao#_kil]na`#pk#qj_k]pa`#oq^opn]pao#nac]n`haoo#kb#pklkcn]ldu/#

Tdeo# aild]oevao# pda# i]fkn# nkha# kb# _daie_]h# _qao# ej# ajd]j_ejc# pda# dal]pe_# bqj_pekj]hepu#

_kil]na`#pk#oq^opn]pqi#pklkcn]ldu#]hkja/#Fqnpdanikna-#]#oujanceoi#eo#k^oanra`#`qa#pk#pda#

_ki^ej]pekj#kb#oq_d#_qao#ej#]#oejcha#oq^opn]pa#aola_e]hhu# bkn#pda#atlnaooekj#kb#heran.ola_ebe_#

i]ngano# oq_d#]o# ]h^qiej-# oej_a# ja]nhu# pda# ejpacn]pekj#kb# pdaoa# d]o# naoqhpa`# ja]nhu#2/7# bkh`#

ej_na]oa# ej# atlnaooekj# kb# ]h^qiej# _kil]na`# pk# RGD.Fh]p# oqnb]_ao/# Tdqo-# pda# lnaoaj_a# kb#

j]jkba]pqnao# sepd# sahh.`abeja`# `eiajoekjo# ]j`# _daie_]h# _kilkoepekj# pd]p# eiep]pa# ECM#

be^nehh]n# opnq_pqnao# ]j`#_kjp]ejejc#]# ola_ebe_# ikpeb# )a/c/#RGD*#_kqh`#^a#qpeheva`# pk# ej_na]oa#

iqhpelha#_ahhqh]n#bqj_pekjo-#n]pdan#pd]j#oeilhu#qoejc#j]jkpklkcn]ldu#kn#_daie_]h#_qao#]hkja/#

Tdanabkna-# pda# cna]pan# pda# ECM# ejpnejoe_# ahaiajpo# ]na#ieie_ga`-# pda#^appan# pda# oq^opn]pazo#

_upk_kil]pe^ehepu#]j`#pda#bqj_pekj]hepu#kb#HalG3/#

#

Tda# PY^[]R! MRKZ]O[! `ao_ne^ao# pda# qpehev]pekj# kb# j]jkopnq_pqnao# pd]p# ieie_# ECM#

lduoe_]h# _qao# ]o# ]# _qhpqna# oq^opn]pa# bkn# BE#LBJHF# ]j]huoeo# kb# `nqc# _upkpkte_epu/# Tda# naoqhpa`#

dal]pk_ahhqh]n# _upkpkte_# naolkjoao# ]j`# iknldkhkce_]h# _d]jcao# `qa# pk# pda#lnaoaj_a#kb# oq_d#

j]jkba]pqnao# ]bpan# atlkoqna# pk# ]# _upkpkte_# ]cajp# {_eolh]pej|# sana# ejraopec]pa`# qoejc#

bhqknao_ajp#eiiqjkop]ejejc#pa_djemqao/#A#oecjebe_]jp#ej_na]oa#ej#pda#lan_ajp]ca#kb#`a]`#_ahho#

)ja]nhu#3# bkh #̀ ej_na]oa*# qlkj# pda# _d]jca# kb# pklkcn]ldu#]bpan# _eolh]pej# atlkoqna# nah]pera# pk#

bh]p#oqnb]_a#s]o#k^oanra`/#Tdeo#aild]oevao#pda#nkha#kb#oeiqh]pekj#kb#ECM#ejpnejoe_#ahaiajpo#

)]o# lduoe_]h# _qao*# ej# pda# ]hpan]pekj# kb# _upkpkte_# naolkjoa# pk# _eolh]pej/# Mknakran-# oq_d#

]hpan]pekj# ej# oq^opn]pqi# pklkcn]ldu# ej# lnaoaj_a# kb# _eolh]pej# ej`q_a# ]# pn]jobkni]pekj# ej#

jq_ha]n# _dnki]pej# _kj`ajo]pekjo-# iknldkhkce_]h# r]ne]^ehepeao# ]j`# epo# `ena_pekj]h# _ahhqh]n#

]hecjiajpo# _kil]na`# pk# bh]p# oqnb]_a/# Tda# bkni]pekj# kb# ennacqh]n# _upklh]oie_# ha`cao# s]o#

k^oanra`#sepd#]j#ej_na]oa#ej#pda#jqi^an#kb#^ha^^ejc#_ahho#bkn#pdkoa#_qhpqna`#kj#j]jkl]ppanj#
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ej# _eolh]pej._kj_ajpn]pekj# `alaj`]jp# i]jjan-# sdeha# pda# _ahhqh]n# ]hecjiajpo# sana#

_kj_kiep]jphu#`eonqlpa`/# I# _]j# _kj_hq`a# pd]p#ieie_# pda#^eklduoe_]h# _d]n]_paneope_o#kb#ECM#

]na# atpnaiahu# eilknp]jp# `apaniej]jpo# kb# _ahhqh]n# naolkjoa# ej# ]# _upkpkte_# lh]pbkni# bkn#

`arahkliajp#kb#ikna#oajoepera#BE#LBJHF#`nqc#]j]huoao/!

Fej]hhu-# sa# _]j# _kj_hq`a# pd]p#WY[O! SWZ[Y_ON!ROZK]YMOVV^VK[! P^XM]SYXKVS]SO\!KXN!

SXM[OK\ON! Mb]Y]YaSM! [O\ZYX\O\! `RSMR! K[O! LOXOPSMSKV! PY[! KMM^[K]O! )-"1)0/.!N[^Q! KXKVb\O\!

MKX! LO! NO_OVYZON! Lb! ]RO! WKXSZ^VK]SYX! YP! \^[PKMO! MRK[KM]O[S\]SM\! YP! ]RO! M^V]^[O!

\^L\][K]O\'# Tdaoa# ]hpan]pekjo# _kqh`# ej_hq`a# pda# lduoe_]h# ]j`# _daie_]h# i]jelqh]pekjo# kb#

oqlanbe_e]h# _d]n]_paneope_o# ej# kn`an# pk# lnkikpa# pda# dal]pk_ahhqh]n# ^ad]rekno# ]j`#

bqj_pekj]hepeao/#Sq_d#i]jelqh]pekjo#odkqh`#_hkoahu#ieie_#pda#j]pqn]h#_d]n]_paneope_o#kb#ECM#

ahaiajp]h#_qao#kn#_ahhqh]n#j]pera#ajrenkjiajpo#bkn#pda#_kjpnkh#kb#_ahhqh]n#naolkjoa/#Sej_a#pda#

nkha# kb# ^eki]pane]h# i]jelqh]pekj=# oqlanbe_e]h# patpqnejc-# _daie_]h# _kilkoepekj# ]j`#

pklkcn]lde_]h# ba]pqna# pk# _kjpnkh# dal]pe_# _ahhqh]n# ^ad]rekno# ]j`# bqj_pekj]hepu# sana#

aild]oeva`/#

+'!9^]^[O!K\ZOM]\!

Ij# pdeo#skng-# I# s]o# ]^ha# pk# na_kcjeva# okia# kb# p]jce^ha# _qao# pk# ]hpan# dal]pk_ahhqh]n#

^ad]rekno# ej# cajan]h# ]j`# bqj_pekj]hepeao# ej# ola_e]h/# Sq_d# _qao# _kqh`# ^a# qoa`# bkn# pda#

`arahkliajp# kb# jkrah# ^eki]pane]ho# _qhpqna# ik`aho-# oej_a# okia# kb# aooajpe]h# opnq_pqn]h#

`apaniej]jpo# kb# ECM# _qao# namqena`# bkn# pda# iap]hhe_# ^]oa`# ^eki]pane]h# ej# heran# _ahhoz#

]llhe_]pekjo# sana# e`ajpebea`# pd]p# _kqh`# ^a# bqnpdan# atlhkepa`# bkn# `nqc# `arahkliajp#

]llhe_]pekjo/#Wdeha# pda# qj`anhuejc# ia_d]jeoio# bkn# pdeo# ajd]j_a`# bqj_pekj]hepu# ]j`#]hpana`#

naolkjoa# d]ra# uap# pk# ^a# bqhhu# nara]ha`-# ]j`# pdau# jaa`# atpajoera# opq`u# ksejc# pk# pda#
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okldeope_]pekj# kb# dal]pe_# bqj_pekj]hepeao# ]j`# oecj]hejc# l]pds]uo# kj# sde_d# pdaoa# ajp]jcha`#

oecj]ho#]na#knc]jeva`#pk#okia#atpajp#^u#oq_d#`eranoebea`#lduoe_]h#]j`#^ek_daie_]h#_qao#

Mknakran-# pda# nkha# kb# pklkcn]ldu# i]jelqh]pekj# ]j`# cakiapne_]h# r]ne]pekjo# ]o# ]j#

ECM# opnq_pqn]h# ahaiajp# ]p# pda# _ahhqh]n# harah# s]o# `apanieja`# dksaran-# oaran]h# kpdan#

cakiapne_]h#r]ne]pekjo#_]j#^a#at]ieja`#bkn#]#bqnpdan#_kjpnkh#kb#`eranoebea`#_ahhqh]n#naolkjoao#

aola_e]hhu# sepd# pda# _kjpejqkqohu# arkhra`# pa_djemqao# pk# b]^ne_]pa# ]j`# `kiej]pa# pda#

iknldkhkceao#]j`#cakiapneao#kb#j]jkopnq_pqnao/# # #

Fqnpdanikna-# ej# pdeo# skng-# sa# qoa`# TeO3# behio# bkn# pda# oqnb]_a# _k]pejc# kb# kqn#

pklkcn]lde_]h#j]jkopnq_pqnao/#Wdeha#pdana#]na#oaran]h#_]j`e`]pao#_]j#^a#qoa`#ejopa]`#kb#TeO3#

pd]p#sehh# eil]np#`eranoebea`# oqnb]_a# _d]n]_paneope_o# pk# pda# j]jkopnq_pqnao/#Eola_e]hhu# sdaj# ]#

nalknpa`#naoa]n_d#)IA#J]jokj-#ap/#]h/#Phko#kja-#3125=#;<#a;182;*#_h]eio#pd]p#j]jkpklkcn]ldu#

i]`a# bnki# lkhu# iapduh)iapd]_nuh]pa# lkhuian*# skqh`# jkp# ej`q_a# pda# kopakcaje_#

`ebbanajpe]pekj# kb# iaoaj_dui]h# opai# _ahho# araj# pdkqcd# ]jkpdan# naoa]n_d# d]o# nalknpa`# pda#

kllkoepa# ]j #̀ aild]oeva# pda# nkha# kb# j]jkpklkcn]ldu# ]o# ]j# ej`q_an# bkn# MSCo# kopakcaje_#

`ebbanajpe]pekjo#)W]p]ne#S-#ap/#]h-#Beki]pane]ho-#3123=#44<#239.247/*/#IA#J]jokj-#ap/#]h/#pnea`#pk#

]ppne^qpa# oq_d# _d]jca# ej# pda# _ahhqh]n# naolkjoa# pk# pda# _d]jca# ej# pda# oqnb]_a# _daieopnu# ]j`#

kpdan# oqnb]_a# _d]n]_paneope_o# pd]p# i]u# ejbhqaj_a# pda# e`ajpepu# ]j`# _kjbkni]pekj# kb# ]`okn^a`#

lnkpaejo# kn# pda# r]ne]pekjo# ej# oeva# kb# pklkcn]ldeao# pdqo# oq^oamqajphu# `eranoebea`# _ahhqh]n#

naolkjoao#_]j#^a#atla_pa`/# #

Fej]hhu-#pda#ejpacn]pekj#kb#ikna#pd]j#oejcha#ECM#_qao# ej#pda#b]^ne_]pa`#^eki]pane]ho#

ckao#^aukj`#dal]pe_#_ahho#]o#ep# _]j#^a#atpaj`a`#pk#kpdan#pulao#kb#_ahhqh]n#ik`aho#ej#eilh]jp#

pa_djkhkceao#]o#sahh#]o#pda#`apaniej]pekj#kb#opai#_ahho#b]pa/

# #
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@S\]!YP!Z^LVSMK]SYX!
#

#

!! Tda#abba_p#kb#lduoe_]h#]j`#_daie_]h#_qao#kj#dal]pk_ahhqh]n#bqj_pekj#]j`#iknldkhkcu#

0EJ>HE9JBFE9C!1FKHE9C!3FC><KC9H$!6<B>E<>/#3125-#26-#53;;.5428/#

DOI<#('%**-'&./01(,'*+)--!

FRSWKK!4'!4LNOVVK]OP-#A/#Ode-#T/#N]^]p]ia-#A/#T]jecq_de#

#

#

!! Ij`q_pekj# kb# dal]pk_upa# bqj_pekj]h# lnkpaej# atlnaooekj# ^u# oq^ie_nkj0j]jk.l]ppanj#

oq^opn]pao#pk#ieie_#ej#rerk#opnq_pqnao-#

,BFD9J>HB9CI!6<B>E<>-#3125-#3-#441}449/# #

DOI<#21/214;0C4BM712;2A

FRSWKK!4'!4LNOVVK]OP-#A/#Ode-#T/#N]^]p]ia-#A/#T]jecq_de#

#

C[KV!D[O\OX]K]SYX\!

2/! Tklkcn]ldu#ej`q_a`#]hpan]pekj#ej#pda#_upkpkte_epu#ej`q_a`#^u#_eolh]pej-# #

NIMS.W]oa`]#Jkejp#Suilkoeqi-#Toqgq^]-#J]l]j#)M]n_d#3125*/#

FRSWKK!4'!4LNOVVK]OP-#A/#T]jecq_de#

#

3/! Ahpan]pekj#kb#pda#dal]pk_ahhqh]n#bqj_pekj]hepu#qoejc#Map]hhe_#^]oa`#j]jkl]ppanjo/#

34n`#ejpahhecajp#i]pane]h#ouopaio#Suilkoeqi-#Tkguk#-#J]l]j#)J]jq]nu#3125*#

FRSWKK!4'!4LNOVVK]OP-#A/#T]jecq_de#

#

#

DY\]O[!Z[O\OX]K]SYX\#

2/# # Ahpan]pekj#ej#Hal]pk_upao#Bad]rekno#^u#pda#M]jelqh]pekj#kb#Cdaie_]h#]j`#Pduoe_]h#

Cqao#kj#TeO3#N]jkl]ppanjo/#

# Ijpanj]pekj]h#Ckjbanaj_a#kj#N]jkpa_djkhkcu#ej#Ma`e_eja-#Lkj`kj-#UK#)Fa^nq]nu#3125*#

FRSWKK!4'!4LNOVVK]OP%#A/#T]jecq_de#

#

3/# # TeO3#N]jkl]ppanj#Ahpanejc#pda#Hal]p_ahhqh]n#^ad]rekqno#ej#Tkte_#_kj`epekj-#

Toqgq^]#Ma`e_]h#Ejcejaanejc#Ckklan]pekj#Suilkoeqi-#Toqgq^]-#J]l]j#)J]jq]nu#3125*/#

FRSWKK!4'!4LNOVVK]OP-#Redk#T]jca-#T]gaode#S]pk-#Ageukode#T]jecq_de#

#
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4/# # Spq`u#kb#Ijpan]_pekjo#^apsaaj#TeO3#N]jkl]ppanjejc#Sqnb]_ao#]j`#Hqi]j#Leran#Cahh#

heja# #

Ajjq]h#Maapejc#kb#J]l]jaoa#Beki]pane]h#Sk_eapu-#Tkguk#-#J]l]j#)Nkrai^an#3124*/#

FRSWKK!4'!4LNOVVK]OP%#A/#Ode-#T/#N]^]p]ia-#A/#T]jecq_de#

#

5/# # TeO3#N]jkl]ppanejc#Td]p#ieie_go#pda#Etpn]_ahhqh]n#M]pnet#ej`q_a`#bqj_pekjo#kb#dqi]j#

heran#_ahho/# #

A`r]j_a`#M]pane]h#Wknh`#Ckjcnaoo-#Ivien-#Caoia-#Tqngau#)Salpai^an#3124*/#

FRSWKK!4'!4LNOVVK]OP-#A/#Ode-#T/#N]^]p]ia-#A/#T]jecq_de#

#

6/# # Spq`u#kb#pda#ejpan]_pekjo#^apsaaj#TeO3#N]jkl]ppanj#oqnb]_ao#]j`#dqi]j#heran#_ahho#-#

W]oa`]0MANA#NIMS#Ijpanj]pekj]h#Suilkoeqi-#Toqgq^]-#J]l]j#)M]n_d#3124*/#

FRSWKK!4'!4LNOVVK]OP-#A/#Ode-#T/#N]^]p]ia-#A/#T]jecq_de<#

#

#


