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Fkqolar`qflk
>dof`riqro^i _flildf`^i afsbopfqv fp ^ hbv 

`ljmlkbkq lc ^dolb`lpvpqbjp _b`^rpb fq 
molsfabp ^ _ol^a o^kdb lc dllap ^ka b`lildf`^i 
pbosf`bp qe^q ^ob bppbkqf^i clo erj^khfka 
%DIFBPPJ>K) /--.&+ ?flafsbopfqv fk 
^dolb`lpvpqbjp `^k _b bumobppba ^p mi^kkba 
^ka,lo ^ppl`f^qba afsbopfqv+ Qeb cfopq lkb fp qeb 
afsbopfqv fk`lomlo^qba fkql qeb pvpqbj _v qeb 
c^ojbo⅚p ab`fpflk %b+d+ `olmp& ^ka s^ofbp 
^``loafkd ql j^k^dbjbkq pqo^qbdfbp+ Qeb 
^ppl`f^qba afsbopfqv fk`irabp ^ii ifsfkd lod^kfpjp 
qe^q `lilkfwb qeb ^dolb`lpvpqbj abmbkafkd lk fqp 
j^k^dbjbkq ^ka pqor`qrob %S>KABOJBBO ^ka 
MBOCB@QL) .662&+ Tfqefk qebpb `ljmlkbkqp) 
mi^kq afsbopfqv `lkpqfqrqbp qeb _^pb lc dbkbo^i 
afsbopfqv %>IQFBOF) .6668 PTFCQ) /--1&+ 
Pmlkq^kblrp mi^kq pmb`fbp) ^ m^oq lc ^ppl`f^qba 
afsbopfqv) mobpbkq fk ^dolb`lpvpqbjp) ^ob mofj^ov 
molar`bop qe^q molsfab clla ^ka e^_fq^q clo 
lod^kfpjp lc lqebo qolmef` ibsbip %>I?OB@EQ) 
/--08 J>OPE>II bq ^i+) /--0&+ 

Fk qeb i^pq vb^op) qeb pb^o`e clo peloq*qboj 
efdebo molcfqp e^p iba ql ^dolb`lpvpqbj 
pmb`f^ifw^qflk) tef`e obpriqp fk ^ ilt krj_bo lc 
`riqfs^qba pmb`fbp ^ka lo s^ofbqfbp %DIFBPPJ>K) 
/--.8 PTFCQ bq ^i+) /--1&) ^ka fk ^ obar`ba 
ebqboldbkbfqv lc ^dof`riqro^i e^_fq^qp fk qfjb ^ka 
pm^`b %?BKQLK bq ^i+) /--0&+ Fk qefp pbkpb) 
jlabok ^dof`riqrob e^p _bbk ob`ldkfwba ^p lkb lc 
qeb j^fk qeob^qp ql _flafsbopfqv `lkpbos^qflk %S>K 
BIPBK) /---8 ?BKQLK bq ^i+) /--0&+ 

>k fjmloq^kq ab`ob^pb fk mi^kq pmb`fbp 
of`ekbpp lc ^dolb`lpvpqbjp) fk`irafkd qeb 
buqfk`qflk lc pljb `lkpfaboba tbbap) e^p _bbk 
obmloqba ob`bkqiv fk Brolmb %QP@E>OKQHB bq ^i+) 
/--2&+ Pmb`fbp ilppbp jlqfs^qba obpb^o`e 
moldo^jp ql ^ppbpp ^ka mobpbosb ^dolb`lpvpqbj 
afsbopfqv %>I?OB@EQ) /--0& ^ka ql pb^o`e clo 
jlob prpq^fk^_ib ^dof`riqro^i j^k^dbjbkq 
mo^`qf`bp+  

Eloqf`riqrob fp ^ sbov fjmloq^kq ^`qfsfqv fk 
?rbklp >fobp Molsfk`b) >odbkqfk^) bpmb`f^iiv kb^o 

I^ Mi^q^ @fqv+ Fk qeb i^pq vb^op) ^ `ib^o qbkabk`v 
qlt^oap jlob `lpqiv pvpqbjp obnrfofkd i^odbo 
buqbok^i fkmrqp e^p _bbk l_pbosba+ Qebpb 
pvpqbjp ^ob dbkbo^iiv ^ppl`f^qba tfqe ^ obar`qflk 
fk qeb krj_bo lc `olmp ql qelpb jlob molcfq^_ib 
lkbp+ >q qeb p^jb qfjb) qebob e^p _bbk ^k 
fk`ob^pb fk qeb ^ob^ lc molar`qflk pvpqbjp _^pba 
lk ilt buqbok^i fkmrqp ^ka jlob k^qro^i 
mol`bppbp*prmmloq tebob ^ qobka qlt^oa ^ efdebo 
krj_bo lc `riqfs^qba pmb`fbp fp l_pbosba+

>dof`riqro^i mo^`qf`bp jlafcv afpqro_^k`b 
m^qqbokp ^ka qeb ^s^fi^_fifqv lc obplro`bp ^ccb`qfkd 
`lilkfw^qflk mol`bpp lc mi^kq `ljjrkfqfbp 
%@IBJBKQP bq ^i+) .661&+ Fk qefp pbkpb) qeb 
afsbopfqv) crk`qflk^i `e^o^`qbofpqf`p %ifcb `v`ib) 
jlomelqvmb& ^ka lofdfk %bulqf` lo k^qfsb& lc 
pmlkq^kblrp mi^kqp doltfkd fk `riqfs^qba 
^dolb`lpvpqbjp `^k _b ^ppl`f^qba tfqe afccbobkq 
afpqro_^k`b ibsbip dbkbo^qba _v ^dof`riqro^i 
mo^`qf`bp %AB I> CRBKQB bq ^i+) .666&+ Qebpb 
fkqbo^`qflkp _bqtbbk i^ka rpb m^qqbok ^ka 
_flafsbopfqv s^ov ^``loafkd ql qbjmlo^i*pm^qf^i 
p`^ibp %BFPTBOQE ^ka E>KBV) /--.&+ 

Qeb fjm^`q qe^q afccbobkq ^dof`riqro^i pqvibp 
e^sb lk _flafsbopfqv ^ka m^oqf`ri^oiv lk fqp mi^kq 
`ljmlkbkqp e^p _bbk mlfkqba lrq _v ELIB bq ^i+ 
%/--2&) tel clrka qe^q fk ^ijlpq ^ii lc qeb pqrafbp 
qebv obsfbtba) pmb`fcf` afsbopfqv t^p dob^qbo fk 
^dolb`lpvpqbjp rkabo lod^kf` qe^k rkabo 
`lksbkqflk^i j^k^dbjbkq+ Pfjfi^o obpriqp tbob 
clrka _v ?bkdqpplk bq+ ^i+ %/--2&) Olp`ebtfqw bq 
^i+ %/--2& ^ka J^kelraq bq ^i+ %/--4&+ ?bkbcfqp lc 
lod^kf` j^k^dbjbkq ql _flafsbopfqv `lria _b 
obi^qba ql ^ dob^qbo nr^ifqv lo nr^kqfqv lc `riqfs^qba 
^ka klk*`riqfs^qba e^_fq^qp qe^k fk `lksbkqflk^i 
pvpqbjp %ELIB bq ^i+) /--2&+ Qefp obpriq fp 
^qqof_rqba ql qeb obar`ba rpb lc fkmrqp ^ka ql ^ 
⅛pvjm^qebqf`⅜ j^k^dbjbkq lc qeb pmlkq^kblrp 
sbdbq^qflk fk qeb `olm cfbia ^ka fk cfbia*j^odfkp+ 
?bkqlk bq ^i+ %/--0& ^odrba qe^q j^fkq^fkfkd lo 
obpqlofkd e^_fq^q ebqboldbkbfqv fp ^ hbv ql 
`lkpbos^qflk lo ob`lsbov lc pmb`fbp afsbopfqv+ 
Ebqboldbkbfqv `lria fkabba _b jlob fjmloq^kq ql 

   Pqrmfkl bq ^i
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_flafsbopfqv qe^k qeb i^`h lc rpb lc ^dol`ebjf`^ip 
mbo pb lo lqebo pmb`fcf` mo^`qf`bp %?BKQLK bq ^i+) 
/--0&+ Kbsboqebibpp) lod^kf` ^dof`riqrob 
`ljmofpbp pbsbo^i j^k^dbjbkq qb`ekfnrbp qe^q 
`^k _b fkcirbk`ba _v j^ohbq `e^o^`qbofpqf`p 
%ELIB bq+ ^i+) /--2& ^ka `^k _b abqbojfkba _v 
c^ojbo⅚p `riqro^i ^ka bqef`^i `lkpfabo^qflkp 
%PEBMEBOA bq ^i+) /--0&+ 

Fk >odbkqfk^) ^ka lqebo obdflkp lc qeb tloia) 
^ppl`f^qba `olm sbdbq^qflk afsbopfqv e^p _bbk 
bs^ir^qba fk buqbkpfsb pvpqbjp ^ka ^q afccbobkq 
pm^qf^i p`^ibp %AB I> CRBKQB bq ^i+) .6668 
MLDDFL bq ^i+) /--18 OLP@EBTFQW bq ^i+) 
/--2&+ Pljb mr_ifpeba m^mbop `loobpmlka ql 
pqrav `^pbp lk afsbopfqv lc ^oqeolmlap ^ka mi^kqp 
%MCFCCKBO ^ka IRH>) /---) JLLKBK ^ka 
J>OPE>II) /--.&+ Kbsboqebibpp) kl pqrafbp 
^ppbppfkd `riqfs^qba ^ka klk*`riqfs^qba mi^kq 
afsbopfqv fk eloqf`riqro^i pvpqbjp %lod^kf` ^ka 
`lksbkqflk^i lkbp& e^sb _bbk alkb+

?^pba lk qeb mobsflrp bsfabk`b tb 
evmlqebpfwb qe^q7 

%^& > dob^qbo ^ppl`f^qba mi^kq afsbopfqv bufpqp 
fk ^k lod^kf` qe^k fk ^ `lksbkqflk^i 
eloqf`riqro^i pvpqbj+ Qeb efdebo ^ppl`f^qba 
afsbopfqv l``rop ^q qeobb molmlpba pm^qf^i 
p`^ibp7 tfqefk `olm %α afsbopfqv&) _bqtbbk `olmp 
%β afsbopfqv& ^ka c^oj qlq^i `riqfs^qba ^ob^ %γ 
afsbopfqv&+ 

%_& Qeb bumb`qba afccbobk`bp fk mi^kq afsbopfqv 
_bqtbbk j^k^dbjbkq pvpqbjp ^ob bumobppba 
fk ^ afccbobkq cilofpqf` `ljmlpfqflk) lofdfk ^ka 
crk`qflk^i ^pmb`qp lc qeb pmlkq^kblrp pmb`fbp+

Qeb j^fk ^fj lc qefp pqrav t^p ql nr^kqfcv qeb 
pmlkq^kblrp mi^kq afsbopfqv ^q afccbobkq p`^ibp fk 
eloqf`riqro^i c^ojp rkabo lod^kf` ^ka `lksbkqflk^i 
j^k^dbjbkq+ Tb afa ^ `ljm^o^qfsb `^pb pqrav lc 
qtl c^ojp obmobpbkqfkd `lkqo^pqfkd j^k^dbjbkq 
^iqbok^qfsbp fk I^ Mi^q^ ^ob^+ Tb ^fj qe^q obpriqp 
^ka `lk`irpflkp pelria ebim mi^kkfkd ^k 
buqbkpfsb pqrav lc qeb eloqf`riqro^i pvpqbjp 
do^afbkq mobpbkq fk qefp eloqf`riqro^i _biq+

J^qbof^ip ^ka jbqelap
Pqrav ^ob^7 Tb pqrafba qtl c^ojp colj qeb 

Eloqf`riqro^i ?biq %1+--- e^8 FKAB@) /--/& lc I^ 
Mi^q^ @fqv %01l 5 P 24l 21 T&+ Qefp obdflk fp 
`e^o^`qbofwba _v qeb bufpqbk`b lc pj^ii ^ka 
jbafrj pfwba eloqf`riqro^i bkqbomofpbp %4 e^ 
^sbo^db ^ob^&) qe^q molsfab pb^plk^i sbdbq^_ibp 
%?BKBK@F>) .661&+ @riqfs^qba milqp ^ob^ s^ofbp 
colj . olt ql `^+ -+/2 e^+ Qeb qtl c^ojp tbob 
pfjfi^o fk ^ob^ %5 e^&) ^ka fk qebfo `ifj^qf` ^ka 
qlmldo^mef` `lkafqflkp+ Plfip ^ob qvmf`^i >odfralip) 
^kkr^i jb^k qbjmbo^qrob fp .2+6 l@ ^ka ^sbo^db 
^kkr^i o^fkc^ii fp .-6/ jj+

C^oj pbib`qflk t^p _^pba lk qtl `lkqo^pqfkd 
j^k^dbjbkqp pvpqbjp ^p ^ `^pb pqrav+ Qtl 
c^ojp tbob bs^ir^qba7 ^k lod^kf` c^oj rkabo 
`boqfcf`^qflk ^ka ^ `lksbkqflk^i c^oj+ Qeb lod^kf` 
c^oj %LC& afa klq rpb pvkqebqf` `ebjf`^i 
molar`qp8 ^ka lkiv pljb lod^kf` ^mmolsba 
mbpqf`fab molar`qp tbob l``^pflk^iiv ^mmifba+ Qeb 
pbib`qflk `ofqbof^ clo LC t^p qe^q fq t^p qeb jlpq 
^k`fbkq c^oj) .5 vb^op mobsflrp ql qeb pqrav) 
molar`fkd lod^kf` sbdbq^_ibp tfqelrq ^ mobsflrp 
efpqlov lc ^klqebo j^k^dbjbkq qvmb+ Tbba 
`lkqoli t^p _v e^ka ^ka j^fkiv ^q qeb b^oiv 
pq^dbp lc `olm absbilmjbkq+ Qfii^db t^p alkb 
tfqe qllip pr`e ^p `efpbip ^ka sf_ol`riqfs^qlop+ 

Qeb lqebo c^oj t^p ^ `lksbkqflk^i j^k^dba 
lkb %@C& pbib`qba ^q o^kalj colj pbsbo^i fk qeb 
kbfde_loella ^``ljmifpefkd pfjfi^o pfwb ^ka 
b`lildf`^i `lkafqflkp qe^k fk qeb LC+ @ebjf`^i 
^mmif`^qflkp fk`iraba ebo_f`fabp) fkpb`qf`fabp ^ka 
pvkqebqf` ^ka lod^kf` cboqfifwbop+ Tbbap tbob 
`lkqoliiba _bclob pltfkd ^ka mboflaf`^iiv arofkd 
`olm doltqe _v jb`e^kf`^i jb^kp) j^fkiv ^q qeb 
b^oiv mebklildf`^i pq^dbp lc `olm+ Plfi i^_lrop 
t^p alkb tfqe ^ jlria_l^oa milrde ^ka 
`riqfs^qlo+ 

P^jmib jbqelap7 fk b^`e c^oj) qeobb pm^qf^i 
rkfqp qvmbp tbob abcfkba ^``loafkd ql qeb `ofqbof^ 
lc i^ka rpb ^ka lo aljfk^kq `olm ^p cliiltp7 %.& 
@riqfs^qba milqp7 abcfkba _v qeb mobpbk`b lc lkb lo 
jlob aljfk^kq `olmp+ Fk qefp `^pb) `olmp e^a ^

Mi^kq afsbopfqv fk qtl eloqf`riqro^i c^ojp rkabo lod^kf` ^ka `lksbkqflk^i j^k^dbjbkq
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pfjfi^o j^k^dbjbkq qvmb ^ka qeb c^ojbo 
`lkpfaboba fq ^p ^ rkfq arb ql fqp pfjfi^o ifcb `v`ib 
lo j^k^dbjbkq qb`ekfnrbp+ %/& Klk*`riqfs^qba 
^ob^7 c^iilt milqp tfqe pmlkq^kblrp sbdbq^qflk 
^ka pljbqfjbp) tfqe `olm obpfarbp ibcq ^cqbo 
e^osbpq+ %0& K^qro^i _lrka^ov7 milqp aljfk^qba _v 
ebo_^`blrp pmlkq^kblrp mi^kqp+ 

P^jmifkd t^p alkb bu`irpfsbiv lk qelpb 
`riqfs^qba milqp) fk vb^o /--0) arofkd prjjbo 
%Cb_or^ov ^ka J^o`e& ^ka pmofkd %Klsbj_bo ql 
_bdfkkfkd lc Ab`bj_bo&) ^slfafkd `olmp fk 
pbbaifkd lo mlpq*e^osbpq pq^db+ Colj ^ii `riqfs^qba 
milqp) lkiv .-5 tbob bs^ir^qba) ^``loafkd ql qeb 
pmb`fcfba `lkafqflkp+ Fk b^`e lkb lc qebpb milqp) . 
ql 2 p^jmib rkfqp tbob abcfkba ^q o^kalj) 
^``loafkd ql qeb milq pfwb qlq^iifkd /2- p^jmib 
rkfqp+

Fk b^`e p^jmib rkfq) qeb obibsć jbqela t^p 
^mmifba %JRBIIBO*ALJ?LFP ^ka BIIBK?BOD) 
.6418 >I?OB@EQ) /--0&+ >abnr^qb pfwb lc 
p^jmib rkfqp t^p abqbojfkba _v qeb jfkfj^i ^ob^ 
jbqela %?O>RK*?I>KNRBQ) .64/& ^ka s^ofba 
_bqtbbk . ^ka .3 j/+ Mi^kq pmlkq^kblrp pmb`fbp 
tbob bs^ir^qba ^ka qebfo ^_rka^k`b t^p 
bpqfj^qba rpfkd qeb `lj_fkba p`^ib lc `lsbo*
^_rka^k`b lc ?o^rk*?i^knrbq %?O>RK*
?I>KNRBQ) .64/&+ 

Mi^kq afsbopfqv ^ppbppjbkq7 ^q qeb c^oj ibsbi) 
tb ^ppbppba qeb qlq^i pmlkq^kblrp pmb`fcf` 
of`ekbpp %γ afsbopfqv& ^ka dbkrp ^ka c^jfiv 
of`ekbpp obdfpqboba ^q ib^pq fk lkb pb^plk+ 
Pmb`fbp of`ekbpp ^ka qeb qlq^i ifpq lc pmb`fbp 
mobpbkq fk qeb fksbkqlofba p^jmifkd rkfqp lc b^`e 
`olm) t^p rpba ^p ^k fkabu lc α afsbopfqv) ^p 
`lsbo*^_rka^k`b lc pmb`fbp t^p ilt ^ka sbov 
pfjfi^o ^jlkd pmb`fbp ^ka `olmp fkaf`^qfkd ^ ilt 
s^of^_fifqv lc bnrfq^_fifqv+ >aafqflk^iiv) clo b^`e 
`olm fk b^`e c^oj tb `^i`ri^qba qeb jbaf^k 
of`ekbpp mbo rkfq p^jmib lc qeb `olm+ > 
o^kaljfw^qflk jbqela t^p rpba ql ^ppbpp qeb 
abdobb clo tef`e qeb afccbobk`bp _bqtbbk qeb 
jbaf^k of`ekbpp mbo `olm) l_pbosba ^ka jlabiba) 
fk ^ abqbojfkba j^k^dbjbkq pqvib ^ob ^qqof_rq^_ib 

ql `e^k`b+ Qeb l_pbosba of`ekbpp s^irbp tbob 
o^kaljiv ^ppfdkba ql b^`e p^jmib rkfq ^ka qeb 
of`ekbpp jbaf^k t^p `^i`ri^qba clo b^`e `olm+ 
Qefp mol`barob t^p obmb^qba ^ qelrp^ka qfjbp 
^ka colj qeb obpriqp) tb qllh qeb 2qe ^ka 62qe 
mbo`bkqfibp ^p qeb iltbo ^ka rmmbo `lkcfabk`b 
ifjfqp) obpmb`qfsbiv %J>KIV) .664&+ Qelpb `olmp 
tfqe ^ of`ekbpp jbaf^k iltbo qe^k qeb 2qe 
mbo`bkqfib lo efdebo qe^k 62qe mbo`bkqfib tbob 
`lkpfaboba tfqe ^ of`ekbpp iltbo lo efdebo) 
obpmb`qfsbiv) qe^k bumb`qba _v o^kalj+  

?bq^ afsbopfqv t^p bpqfj^qba rpfkd qeb 
Tefqq^hbo %.63-& fkabu7 X%P@,P&⅞.Z8 tebob P@ fp 
qeb qlq^i krj_bo lc pmb`fbp fk qeb pvpqbj ^ka P fp 
qeb ^sbo^db krj_bo lc pmb`fbp mbo p^jmib 
%J>DROO>K) .655&+ Fk lro pqrav P@ fp qeb qlq^i 
krj_bo lc ^ppl`f^qba pmb`fbp clrka fk qeb c^oj 
`olmp) ^ka P t^p `^i`ri^qba ^p qeb jb^k of`ekbpp 
lc `olmp+ Qefp β afsbopfqv fkabu jb^probp qeb 
obkbt^i o^qb lc pmb`fbp _bqtbbk afccbobkq e^_fq^qp) 
f+b+ fq abp`of_bp qeb abdobb lc pfjfi^ofqv _bqtbbk 
e^_fq^qp fk qbojp lc qebfo pmb`fcf` `ljmlpfqflk+ Qeb 
fkabu s^irb tfii _b iltbpq tebk pmb`fbp 
`ljmlpfqflk fp qeb p^jb) ^ka efdebpq tebk kl 
`ljjlk pmb`fbp ^ob clrka+

?bq^ afsbopfqv s^irbp tbob `ljm^oba ql ^ 
o^kalj co^jbtloh) bjmilvfkd ^ pbm^o^qb 
o^kaljfw^qflk mol`barob clo b^`e c^oj+  Clo b^`e 
p^jmib rkfq fk b^`e `olm tb ^ppfdkba pmb`fbp ^q 
o^kalj fk ^ krj_bo bnrfs^ibkq ql qeb l_pbosba 
of`ekbpp+ Qeb pbib`qflk mol_^_fifqv lc b^`e 
l_pbosba pmb`fbp t^p molmloqflk^i ql fqp l_pbosba 
cobnrbk`v %krj_bo lc p^jmib rkfqp tebob fq t^p 
clrka&+ Tfqe qeb p^jmib rkfqp _rfiq tfqe pmb`fbp 
afpqof_rqba ^q o^kalj tb ob`^i`ri^qba qeb krj_bo 
lc pmb`fbp mbo `olm ^ka) i^qbo) β afsbopfqv+ Qeb 
mol`barob t^p obmb^qba ^ qelrp^ka qfjbp ^ka qeb 
2qe ^ka 62qe mbo`bkqfibp tbob `^i`ri^qba ql 
bs^ir^qb fc qeb l_pbosba β s^irb t^p fk qeb o^kdb 
bumb`qba _v `e^k`b+   

Obpriqp
@riqfs^qba afsbopfqv7 ^ efdebo krj_bo lc `olmp)
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s^ofbqfbp ^ka milqp t^p obdfpqboba fk LC qe^k fk 
@C fk _lqe pb^plkp %Cfdrob .&+ Qeb krj_bo lc 
milqp fk qeb LC t^p iltbo fk pmofkd `ljm^oba ql 
prjjbo) _rq kl j^ohba afccbobk`bp tbob 
l_pbosba _bqtbbk pb^plkp fk qeb krj_bo lc 
`olmp ^ka s^ofbqfbp+ Qeb krj_bo lc milqp fk @C afa 
klq s^ov _bqtbbk pb^plkp+ Kbsboqebibpp) qeb 
krj_bo lc `olmp t^p obar`ba ql lkb pmb`fbp ^ka 
lkb s^ofbqv fk pmofkd+

Cilofpqf` `ljmlpfqflk ^ka D^jj^ afsbopfqv7 
@lkpfabofkd _lqe c^ojp %.3 e^& ^ qlq^i lc 33 
pmlkq^kblrp mi^kq q^u^ t^p clrka) obmobpbkqfkd 
/. c^jfifbp %Q^_ib .&+ > efdebo krj_bo lc q^u^ 
mboq^fkba ql Ml^`b^b %/- "& ^ka >pqbo^`b^b %/- 
"&+ Qeb Pli^k^`b^b) C^_^`b^b) I^jf^`b^b) 
?o^ppf`^`b^b) J^is^`b^b ^ka >mf^`b^b 
obmobpbkqba ^p ^ telib 00 " lc qeb qlq^i of`ekbpp+ 
Qeb lqebo .. c^jfifbp mobpbkq ^``lrkqba clo qeb 
obj^fkfkd /4" lc q^u^+  

Efdebo pmb`fbp of`ekbpp ^q c^oj ibsbi %γ 
afsbopfqv&) dbkrp ^ka c^jfifbp tbob clrka fk qeb 

LC qe^k fk @C %Cfdrob /&+ Fk LC) pmb`fcf` of`ekbpp 
t^p efdebo fk prjjbo qe^k fk pmofkd8 _rq kl 
bsfabkq pb^plk^i afccbobk`bp tbob l_pbosba fk 
@C+ Qeb efdebpq mi^kq of`ekbpp fk LC t^p qtf`b 
qe^q @C fk pmofkd ^ka qeobb qfjbp dob^qbo fk 
prjjbo +

Bfdeq mi^kq c^jfifbp tbob ob`loaba lkiv fk qeb 
LC7 ?lo^dfk^`b^b) C^_^`b^b) Dbkqf^k^`b^b) 
Ivqeo^`b^b) J^is^`b^b) Lu^ifa^`b^b) 
Mi^kq^dfk^`b^b) ^ka Pli^k^`b^b+ >ii c^jfifbp 
clrka fk @C tbob `ljjlk ql _lqe c^ojp+

Af`lqvibalklrp pmb`fbp krj_bo t^p efdebo 
qe^k jlkl`lqvibalklrp pmb`fbp fk _lqe c^ojp+ 
Qeb molmloqflk lc bulqf` pmb`fbp t^p efdebo qe^k 
qe^q lc k^qfsbp ^ka `lpjlmlifq^kp fk _lqe c^ojp 
%Q^_ib /&+ Eltbsbo) qeb molmloqflk lc k^qfsb 
pmb`fbp fk`ob^pba fk LC+ Qeb mbo`bkq^db lc 
^kkr^i pmb`fbp t^p efdebo qe^k clo mbobkkf^ip fk 
_lqe c^ojp) _rq qeb molmloqflk lc mbobkkf^ip 
fk`ob^pba fk LC+

Pbsbo^i bu`irpfsb pmb`fbp tbob l_pbosba fk 

Mi^kq afsbopfqv fk qtl eloqf`riqro^i c^ojp rkabo lod^kf` ^ka `lksbkqflk^i j^k^dbjbkq
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LC+ >ijlpq ^ii pmb`fbp fk @C tbob `ljjlk ql qeb 
LC %Q^_ib /&+ Bu`irpfsb pmb`fbp tbob dbkbo^iiv 
o^ob lo p`^o`biv ^_rka^kq+ 

Qelpb pmb`fbp `ljjlk ql _lqe c^ojp tbob 
dbkbo^iiv lc ^kkr^i `v`ib ^ka lc bulqf` lofdfk+ 
Bu`irpfsb pmb`fbp fk`iraba bnr^i krj_bo lc 
^kkr^ip ^ka mbobkkf^ip+ Fk LC) qeb krj_bo lc 

k^qfsb ^ka mbobkkf^i bu`irpfsb mi^kqp t^p qtf`b 
qe^q lc `ljjlk lkbp+ Qebob t^p l_pbosba ^ 
efdebo molmloqflk lc k^qfsb ^ka mbobkkf^i pmb`fbp 
l_pbosba fk LC `ljm^oba ql @C+ 

>ime^ ^ka ?bq^ afsbopfqv7 ^ime^ afsbopfqv lc 
`olmp peltba ^ tfabo o^kdb fk LC %3 ql 02 pmp& 
qe^k fk @C %.1 ql .6 pmp&+ Eltbsbo) qeb jb^k α

   Pqrmfkl bq ^i
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of`ekbpp lc ^ii `olmp t^p klq sbov afccbobkq 
_bqtbbk LC %.4Ï4 pmp+& ^ka @C %.3Ï0 pmp&+

Qeb qeobb l_pbosba `olmp %@vk^o^ p`livjrp) 
Wb^ j^vp ^ka Me^pblirp srid^ofp& fk qeb @C e^a 
jbaf^k of`ekbpp s^irbp fk qeb o^kdb _bqtbbk qeb 
`lkcfabk`b ifjfqp bumb`qba _v `e^k`b+ Fk qeb LC 
cfsb `olmp %?bq^ srid^ofp s^o+ `f`i^) Wb^ j^vp) 
>iifrj `bm^) ?bq^ srid^ofp ^ka Iv`lmbopf`rj 
bp`ribkqrj& peltba ^ efdebo of`ekbpp ^ka qeb 
lqebo cfsb `olmp mobpbkqba iltbo s^irbp %L`fjrj 
_^pfif`rj) @vk^o^ p`livjrp) Mbqolpbifkrj 
`ofpmrj) @f`elofrj fkqv_rp ^ka Me^pblirp 
srid^ofp& qe^k bumb`qba _v `e^k`b+ Qeb objk^kq 
pmb`fbp tbob fkql qeb `lkcfabk`b ifjfqp o^kdb 
%Q^_ib 0&+

Fk prjjbo) β afsbopfqv t^p efdebo fk LC 
%β:/+20& qe^k fk @C %β:-+04&+ Fk @C qefp fkabu cbii 
fkql qeb `lkcfabk`b ifjfqp o^kdb %mbo`bkqfib 2qe : 
-+0/8 62qe :-+24&+ Jb^ktefib fk qeb LC β afsbopfqv 
t^p efdebo qe^k qeb rmmbo `lkcfabk`b ifjfq 
%mbo`bkqfib 62qe :/+/6&+

Afp`rppflk
Qeb obpriqp lc qefp pqrav fkaf`^qb qe^q 

`ljm^oba ql qeb `lksbkqflk^i c^oj) qeb lod^kf` 
c^oj bs^ir^qba e^a7 .& ^ efdebo ^ppl`f^qba mi^kq 
afsbopfqv ^q qeb γ ^ka β ibsbi8 ^ipl mi^kq afsbopfqv ^q 
α ibsbi t^p efdebo qe^k bumb`qba _v `e^k`b fk 
pbsbo^i fjmloq^kq `olmp milqp+ /& ^ efdebo krj_bo 
lc `riqfs^qba jlklpmb`fcf` milqp ^ka ^ efdebo 
krj_bo lc `riqfs^qba q^u^+ 

Qeb efdebo mi^kq pmb`fbp afsbopfqv ^q c^oj ibsbi 
%γ afsbopfqv& clrka fk qefp afsbopfcfba lod^kf` 
pvpqbj ^dobbp tfqe qeb obpriqp fk ?bkdqpplk bq ^i+ 
%/--2&) Olp`ebtfqw bq ^i+ %/--2& ^ka J^kelraq bq 
^i+  %/--4&+ Qefp obi^qflkpefm t^p qtl*clia fk pmofkd 
^ka qeobb*clia fk prjjbo qe^k qelpb clrka fk qeb 
`lksbkqflk^i c^oj) pfjfi^o ql qe^q `fqba _v Elib bq 
^i+ %/--2&+ 

Fk qeb lod^kf` c^oj qbk `olmp mobpbkqba ^ 
efdebo lo ^ iltbo jbaf^k of`ekbpp qe^k bumb`qba 
_v `e^k`b) fkaf`^qfkd ^ efdebo pm^qf^i ^ka 
pb^plk^i ebqboldbkbfqv %jlob `olm pmb`fbp ^ka 

pj^iibo pfwb milqp) ^ka mboflaf` `olm olq^qflkp&+ 
Qefp t^p ^ipl peltk ^q β ibsbi _v ^ efdebo β 
afsbopfqv tef`e t^p efdebo qe^k bumb`qba _v 
o^kalj `ljm^oba ql qeb `lksbkqflk^i c^oj+ Qeb 
bpq^_ifpejbkq lc o^ob pmb`fbp fk qeb lod^kf` c^oj 
fk`ob^pba ^ii afsbopfqv ibsbip+ Fk `lkqo^pq) of`ekbpp 
^q α ^ka β ibsbi afa klq afccbo colj qeb o^kalj 
jlabi fk `lksbkqflk^i c^oj prddbpqfkd 
eljldbkfw^qflk lc cilofpqf` `ljmlpfqflk ^ka 
e^_fq^q ^q _lqe p`^ibp+ Qefp `^k _b ^ `lkpbnrbk`b 
lc j^k^dbjbkq qvmb `e^o^`qbofwba _v ^ iltbo 
krj_bo lc `olmp) pj^ii krj_bop lc milqp lc i^odbo 
pfwb) ibpp cobnrbkq olq^qflk ^ka fkqbkpfsb c^ojfkd 
fk`irafkd ^dol`ebjf`^i rpb+ Abpmfqb qeb jb^k 
of`ekbpp mbo `olm %α& fp pfjfi^o fk _lqe c^ojp) 
cilofpqf` eljldbkfw^qflk obpriqp fk ^ iltbo γ 
afsbopfqv lc qeb `lksbkqflk^i c^oj ^ka 
`lksbkqflk^i j^k^dbjbkq ifjfqp pmlkq^kblrp 
mi^kqp ql ^ jlob obar`ba) eljldbkblrpiv 
afpqof_rqba dolrm+ Fk ^aafqflk ql j^k^dbjbkq 
pqvib) `olm pqor`qrob ^ka i^kap`^mb jfdeq 
fkcirbk`b ^ppl`f^qba mi^kq afsbopfqv+ Tebk qeb 
p^jb `olm pmb`fbp %fk qefp pqrav7 Wb^ j^vp) 
@vk^o^ p`livjrp ^ka Me^pblirp srid^ofp& pelt ^ 
afccbobkq s^irb lc jbaf^k of`ekbpp rkabo _lqe 
c^ojfkd pqvibp) j^k^dbjbkq ^ka i^kap`^mb 
bccb`qp jfdeq _b qeb j^fk `^rpbp lc ^ppl`f^qba 
afsbopfqv afccbobk`bp ^p qeb pqor`qrob lc qeb `olmp 
al klq afccbo _bqtbbk j^k^dbjbkq pqvibp+ 
Jloblsbo) j^ohbq `e^o^`qbofpqf`p %ELIB bq ^i+) 
/--2& ^ka c^ojbo⅚p `riqro^i ^ka bqef`^i 
`lkpfabo^qflkp %PEBMEBOA bq+ ^i+) /--0& j^v 
fkcirbk`b lod^kf` j^k^dbjbkq qb`ekfnrbp ^ka 
`lkpbnrbkqiv `riqfs^qba ^ka ^ppl`f^qba afsbopfqv+ 
Fk qeb lod^kf` c^oj bs^ir^qba fk qefp pqrav) j^ohbq 
fkcirbk`b t^p bsfabk`ba _v ^ jriqf*pmb`fbp 
abj^ka obi^qba ql ^ afob`q) `ljjbo`f^ifwba 
molar`bo* `lkprjbo m^qet^v sf^ allo ql allo 
abifsbov lo fk il`^i pj^ii j^ohbqp+ Qeb pb`lka t^p 
bsfabk`ba fk c^ojbo `lksf`qflk ^ka fkslisbjbkq 
tfqe molar`qflk lc eb^iqev lod^kf` molar`qp+ 

Afccbobk`bp _bqtbbk _lqe j^k^dbjbkq pqvibp 
tbob l_pbosba fk qeb cilofpqf` `ljmlpfqflk ^p tbii
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^p fk fqp lofdfk ^ka crk`qflk^i `e^o^`qbofpqf`p 
%bu`bmq jlomelqvmb&+ 

Qeb efdebo mi^kq of`ekbpp l_pbosba fk qeb 
lod^kf` c^oj t^p ^ppl`f^qba tfqe bu`irpfsb 
pmb`fbp ^ka c^jfifbp+ Qeb mobpbk`b lc bu`irpfsb 
lo o^ob pmb`fbp ^dobbp tfqe obpriqp colj Brolmb) 
tebob jlob o^ob pmb`fbp tbob clrka fk c^ojp 
rkabo lod^kf` j^k^dbjbkq qe^k fk `lksbkqflk^i 
lkbp %ELIB bq+ ^i+) /--2&+ Qeb efdebo pmb`fbp 
of`ekbpp clrka fk qeb lod^kf` c^oj t^p ^ipl 
^ppl`f^qba tfqe ^k fjmloq^kq krj_bo lc rqfifq^of^k) 
mbobkkf^ip ^ka k^qfsbp pmb`fbp+ Cfcqv pmlkq^kblrp 
pmb`fbp %0- bu`irpfsbp& fk qeb lod^kf` c^oj 
`ljm^oba ql /- pmb`fbp %`ljjlk ql _lqe c^ojp& 
fk qeb `lksbkqflk^i c^oj e^sb lok^jbkq^i) 
jbaf`fk^i lo claabo s^irb+ Lkb lc qeb bu`irpfsb 
c^jfifbp clrka fk qeb lod^kf` c^ojp e^p _bbk `fqba 
^p ^ obpboslfo lc k^qro^i bkbjfbp %C^_^`b^b& 
%>IQFBOF) .666&+ Qeb efdebo molmloqflk lc ^kkr^i 
qe^k mbobkkf^i pmb`fbp clrka fk _lqe pvpqbjp 
^dobbp tfqe obpriqp colj Prÿobw bq ^i+ %/--.& ^ka 
Mlddfl bq ^i+ %/--1&+ Qeb aljfk^k`b lc ^kkr^i 
mi^kqp e^p _bbk ^ppl`f^qba tfqe afpqro_ba 
e^_fq^qp tebob plfip ^ob milrdeba %PRßOBW bq ^i+ 
/--.& ^ka,lo fk efde fkqbkpfsb j^k^dbjbkq 
pvpqbjp+ > efdebo mbo`bkq^db ^kkr^i pmb`fbp t^p 
l_pbosba fk qeb `lksbkqflk^i c^oj+ Debop^ ^ka 
J^oqfkbw*Debop^ %/---& obmloqba qe^q qeb rpb lc 
_ol^a*pmb`qorj ^`qflk ebo_f`fabp c^slrop qeb 
mobpbk`b lc ^kkr^i pmb`fbp jlob qe^k mbobkkf^ip 
^ka _fbkkf^ip+ > efdebo molmloqflk lc mbobkkf^i 
pmb`fbp fk lod^kf` c^oj `ljm^oba ql `lksbkqflk^i 
c^ojp e^p _bbk obi^qba ql qeb mobpbk`b lc 
mbobkkf^i `olmp fk qeb olq^qflkp %S>K BIPBK) 
/---&+ Eltbsbo) fk lro pqrav) qebpb pmb`fbp tbob 
clrka _lqe fk ^kkr^i peloq `v`ib `olmp ^ka fk 
_fbkkf^i `olmp fk qeb lod^kf` c^oj) prddbpqfkd ^ 
tb^h ^ppl`f^qflk tfqe `olm `e^o^`qbofpqf`p+ 
Mbobkkf^i pmb`fbp ^ob dbkbo^iiv clrka fk 
fkqbojbaf^qb pq^dbp lc b`lildf`^i pr``bppflk) fk 
ilt afpqro_^k`b `lkafqflkp %DOFJB) .646&+ Qefp 
prddbpqp qe^q qefp lod^kf` pvpqbj e^a 
`e^o^`qbofpqf`p lc ibpp afpqro_ba pvpqbjp 

`ljm^oba ql qeb `lksbkqflk^i c^oj) ^p b`lildf`^i 
pr``bppflk ob^`ebp ^ i^qbo pq^db %jlob mbobkkf^i 
pmb`fbp& qe^k fk `lksbkqflk^i lkbp+ Afpqro_^k`b 
qvmb ^ka abdobb jfdeq `^rpb afccbobkq bccb`qp) 
_bfkd fjmloq^kq ql qeb obi^qfsb cilofpqf` ^ka e^_fq^q 
ebqboldbkbfqv lo eljldbkbfqv l_pbosba fk qeb 
c^ojp+  

Qeb l_pbosba qobka lc fk`ob^pb fk `riqfs^qba 
^ka ^ppl`f^qba afsbopfqv tfqe qeb fk`ob^pb fk 
e^_fq^q ebqboldbkbfqv ^ka ab`ob^pb lc c^ojfkd 
fkqbkpfqv fk qeb pqrafba c^ojp ^dobbp tfqe qeb 
obpriqp lc Elib bq ^i+ %/--2& ^ka ?bkqlk bq ^i+ 
%/--0&+ Qebobclob) qeb lod^kf` c^oj ^iiltp "fk pfqr" 
`lkpbos^qflk lc ^ efdebo krj_bo lc pmb`fbp+ Fqp 
fjmloq^k`b obpqp fk pmb`fbp `lkpbos^qflk fqpbic 
^ka qebfo ^ppl`f^qba b`lildf`^i olibp bpmb`f^iiv clo 
ilt fkmrq ^dolb`lpvpqbjp+ 

Fk ^ m^jm^pf` i^kap`^mb aljfk^qba _v 
^dof`riqrob ^ka `^qqib o^fpfkd) _flafsbopfqv 
avk^jf`p abmbkap lk qeb abdobb ql tef`e c^ojp 
afccbo colj b^`e lqebo+ Clo bu^jmib)
qeb qlq^i krj_bo lc pmlkq^kblrp pmb`fbp clrka fk 
qeb eloqf`riqro^i pvpqbjp abp`of_ba fk qefp pqrav 
%33 q^u^ fk .3 e^& fp efde tebk `ljm^oba ql do^fk 
`olmp colj i^odb oro^i molmboqfbp abslqba ql lkb lo 
^ cbt buqbkpfsbiv `riqfs^qba pmb`fbp+ Ab I^ 
Crbkqb bq ^i+ %.666& obmloqba 3- pmp fk 3- c^ojp 
qlq^iifkd 3--- e^) ^ka Mlddfl bq ^i+ %/--1& 
abqbojfkba 63 pmb`fbp fk 41 c^ojp `lsbofkd //-- 
e^+ Qebpb obpriqp prddbpq qe^q qeb eloqf`riqro^i 
pvpqbjp lc I^ Mi^q^) tebk j^k^dba tfqe efde 
`olm afsbopfqv) ^p fk qeb lod^kf` c^oj) `^k elia ^k 
fjmloq^kq ^ppl`f^qba cilofpqf` afsbopfqv+ Eltbsbo) fc 
qeb ^`qr^i qobka fk qefp ^ob^ `lkqfkrbp qlt^oap ^ 
efde fkmrq eloqf`riqrob obpqof`qba ql ^ cbt efde 
_bkbcfq `olmp) ^k fk`ob^pb fk eljldbkfw^qflk lc 
e^_fq^qp tfii molsfab ^ pboflrp `e^iibkdb fk qeb 
`lkpbos^qflk lc _flq^+ 

Qefp m^mbo peltp qeb fjmloq^k`b ql abpfdk 
^ka j^k^db ^dolb`lpvpqbjp tfqe ^ efde*
`riqfs^qba afsbopfqv ql bke^k`b ^ppl`f^qba mi^kq 
afsbopfqv) tef`e fp ^k fjmloq^kq `ljmlkbkq lc 
^dol_flafsbopfqv+

   Pqrmfkl bq ^i
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>`hkltibadbjbkqp
Tb qe^kh O^Ęi Iđmbw ^ka >robifl K^q^ib) 

c^ojbop qe^q ^iiltba rp ql j^hb qefp pqrav fk qebfo 
molmboqfbp+ Klbjf Lifsbo^ ebimba rp fk cfbia a^q^ 
`liib`qflk) ^ka I^ro^ Fe^oibdrf ^ka >jbif^ Qloobp 
`llmbo^qba tfqe mi^kq abqbojfk^qflk+

Obcbobk`bp
>I?OB@EQ) E+ Prfq^_fifqv lc ^o^_ib tbbap ^p 

fkaf`^qlo lod^kfpjp ql bs^ir^qb pmb`fbp 
`lkpbos^qflk bccb`qp lc j^k^dbjbkq fk 
^dof`riqro^i b`lpvpqbjp+ >dof`riqrob 
B`lpvpqbjp ^ka Bksfolkjbkq) Ilkalk) s+ 65) 
m+ /-.*/..) /--0+

>IQFBOF) J+>+ Qeb b`lildf`^i olib lc _flafsbopfqv 
fk ^dolb`lpvpqbjp+ >dof`riqrob B`lpvpqbjp 
^ka Bksfolkjbkq) Ilkalk) s+ 41 m+.6*0.) .666+

?BKBK@F>) O+ I^ eloqf`riqro^ _lk^bobkpb7 
iđdf`^p molar`qfs^p v `^j_flp bk bi jbo`^al 
ab qo^_^gl+ Abp^ooliil b`lkđjf`l) >odbkqfk^) s+ 
01) k+ .00) m+ 20*24) .661+

?BKDQPPLK) G+8 >EKPQOLJ) G+8 TBF?RII) 
>+@+ Qeb bccb`qp lc lod^kf` ^dof`riqrob lk 
_flafsbopfqv ^ka ^_rka^k`b7 ^ jbq^*^k^ivpfp+ 
Glrok^i lc >mmifba B`lildv) Ilkalk) s+ 1/) m+ 
/3.*/36) /--2+

?BKQLK) Q+D+8 SF@HBOV) G+>+8 TFIPLK) G+A+ 
C^oji^ka _flafsbopfqv7 fp e^_fq^q ebqboldbkbfqv 
qeb hbv<+ Qobka fk b`lildv ^ka bslirqflk) 
Ilkalk) s+ .5) k+ 1) m+ .5/*.55) /--0+

?O>RK*?I>KNRBQ) G+ Mi^kq Pl`flildv+ Kbt 
Vloh7 E^ckbo Mr_ifpefkd @ljm^kv) .64/+ 106 m+

@IBJBKQP) A+O+8 TBFPB) P+C+8 PT>KQLK) @+G+ 
Fkqbdo^qba tbba j^k^dbjbkq ^ka tbba 
pmb`fbp afsbopfqv+ Mevqlmolqb`qflk) Nrb_b`) s+ 
42) k+ .) m+ .*.5+) .661+

AB I> CRBKQB) B+?+ bq ^i+ Plv_b^k tbba 
`ljjrkfqfbp7 obi^qflkpefmp tfqe `riqro^i efpqlov 
^ka `olm vfbia+ >dolkljv Glrok^i) Ilkalk) s+ 
6.) m+ /01*/1.) .666+

BFPTBOQE) J+B+8 E>KBV) G+@+ J^ufjfwfkd 
`lkpbosba _flafsbopfqv7 tev b`lpvpqbj 
fkaf`^qlop ^ka qeobpeliap j^qqbo+ B`lildf`^i 
B`lkljf`p) Ilkalk) s+ 05) m+ /26*/41) /--.+ 

DEBOP>) @+J+8 J>OQFKBW*DEBOP>) J+>+ 
B`lildf`^i `loobi^qbp lc tbba pbba pfwb ^ka 
mbopfpqbk`b fk qeb plfi rkabo afccbobkq qfiifkd 
pvpqbjp7 fjmif`^qflkp clo tbba j^k^dbjbkq+ 
Cfbia @olmp Obpb^o`e) Ilkalk) s+ 34) m+ .1.*
.15) /---+

DIFBPPJ>K) P+O+ >dolb`lildf^7 mol`bpplp 
b`liđdf`lp bj >dof`riqro^ Prpqbkqÿsbi+ /a^ ba+ 
Mloql >ibdob7Rkfsbopfa^ab Cbabo^i al Ofl 
Do^kab al Pri) /--.+ 32/ m+

DOFJB) G+M+ Mi^kq Pqo^qbdfbp ^ka Sbdbq^qflk 
Mol`bppbp+ Kbt Vloh7 Glek Tfibv # Plkp) 
.646+ /// m+

ELIB) bq ^i+ Albp lod^kf` c^ojfkd _bkbcfq 
_flafsbopfqv< ?flildf`^i @lkpbos^qflk) Ilkalk) 
s+ .//) m+ ..0*.0-) /--2+

FKAB@+ @bkpl K^`flk^i >dolmb`r^ofl+ Fkpqfqrql 
K^`flk^i ab Bpq^aċpqf`^p v @bkplp) Molsfk`f^ 
ab ?rbklp >fobp) >odbkqfk^+ /--/+ >s^fi^_ib fk 
Fkqbokbq eqqm7,,ttt+fkab`+jb`lk+^o+

J>DROO>K) >+B+ B`lildf`^i afsbopfqv ^ka fqp 
jb^probjbkq+ Kbt Gbopbv7 Mofk`bqlk 
Rkfsbopfqv) .655+.46 m+

J>KELRAQ) >+D+B8 SFPPBO) >+G+8 AB PKLL) 
D+O+ J^k^dbjbkq obdfjbp ^ka c^ojfkd 
mo^`qf`bp bke^k`fkd mi^kq pmb`fbp of`ekbpp lk 
afq`e _^khp+ >dof`riqrob B`lpvpqbjp ^ka 
Bksfolkjbkq) Ilkalk) s+ ..6) m+ 020*025) /--4+

J>KIV) ?+C+G+ O^kaljfw^qflk) ?llqpqo^m ^ka 
Jlkqb @^oil Jbqelap fk ?flildv) Ilkalk7 
@e^mj^k # E^ii) .664+ /5. m+

J>OPE>II) B+G+M+ bq ^i+ Qeb olib lc tbbap fk 
prmmloqfkd _flildf`^i afsbopfqv tfqefk `olm cfbiap+ 
Tbba Obpb^o`e) Lucloa) s 10) m+ 44*56) /--0+

JLLKBK) >+@+8 J>OPE>II) B+G+M+ Qeb 
fkcirbk`b lc pltk j^odfk pqofmp) j^k^dbjbkq 
^ka _lrka^ov pqor`qrob lk ebo_^`blrp cfbia 
j^odfk sbdbq^qflk fk qtl kbfde_lrofkd c^ojp fk 
pelrqebok Bkdi^ka+ >dof`riqrob B`lpvpqbjp 
^ka Bksfolkjbkq) Ilkalk) s+ 53) m+ .54*/-/) 
/--.+

JRBIIBO*ALJ?LFP) A+8 BIIBK?BOD) E++ >fjp 
^ka Jbqelap lc Sbdbq^qflk B`lildv8 Kbt Vloh7 
Tfibv) .641+ 214 m+

MCFCCKBO) I+8 IRH>) E+ Lsbotfkqbofkd lc 
^oqeolmlap fk plfip lc ^o^_ib cfbiap ^ka ^ag^`bkq 
pbjf*k^qro^i e^_fq^qp+>dof`riqrob B`lpvpqbjp 
^ka Bksfolkjbkq) Ilkalk) s+ 45) m+ /.2*///) 
/---+

MLDDFL) P+I+8 P>QLOOB) B+E+8 AB I> CRBKQB) 
B+?+ Pqor`qrob lc tbba `ljjrkfqfbp l``roofkd 
fk mb^ ^ka teb^q `olmp fk qeb Oliifkd M^jm^ 
%>odbkqfk^&+ >dof`riqrob B`lpvpqbjp ^ka 
Bksfolkjbkq) Ilkalk) s+ .-0) m+ //2*/02) /--1

OLP@EBTFQW) F+ bq ^i+ Qeb bccb`qp lc i^kap`^mb 
`ljmibufqv lk ^o^_ib tbba ^o^_ib afsbopfqv fk 
lod^kf` ^ka `lksbkqflk^i c^ojfkd+ Glrok^i lc 
>mmifba B`lildv) Ilkalk s+ 1/ k+ 2) m+ 540*55/) 
/ --2+ 

Mi^kq afsbopfqv fk qtl eloqf`riqro^i c^ojp rkabo lod^kf` ^ka `lksbkqflk^i j^k^dbjbkq
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PEBMEBOA) J+ bq ^i+ >k >ppbppjbkq lc qeb 
Bksfolkjbkq^i Fjm^`qp lc Lod^kf` C^ojfkd+) 
RH8 >A>P) /--0+ 5- m+ %Abco^*Crkaba Molgb`q 
LC-1-2&+

PRßOBW) P+>+ bq ^i+ Tbba `ljjrkfqv ^p ^k 
fkaf`^qlo lc prjjbo `olm vfbia ^ka pfqb nr^ifqv+ 
>dolkljv Glrok^i) Ilkalk) s+ 60) m+ 2/1*20-) 
/--.+

PTFCQ) J+G+8 FW>@) J+K+8 S>K KLLOATFGH) J+ 
?flafsbopfqv ^ka b`lpvpqbj pbosf`bp fk 
^dof`riqro^i i^kap`^mbp⅟^ob tb ^phfkd qeb 
ofdeq nrbpqflkp< >dof`riqrob B`lpvpqbjp ^ka 
Bksfolkjbkq) Ilkalk) s+ .-1) m+..0⅞.01) /--1+

QP@E>OKQHB) Q+ bq ^i+ I^kap`^mb mbopmb`qfsbp 
lk ^dof`riqro^i fkqbkpfcf`^qflk ^ka _flafsbopfqv * 
b`lpvpqbj pbosf`b j^k^dbjbkq+ B`lildv 
Ibqqbop) Ilkalk) s+ 5) 524*541) /--2

S>K BIPBK) Q+ Pmb`fbp afsbopfqv ^p ^ q^ph clo 
lod^kf` ^dof`riqrob fk Brolmb+ >dof`riqrob 
B`lpvpqbjp ^ka Bksfolkjbkq) Ilkalk) s+ 44) 
m+ .-.*.-6) /---+

S>KABOJBBO) G+8 MBOCB@QL) F+ ?ob^hc^pq lc 
?flafsbopfqv7 Qeb Qorqe ^_lrq O^fkclobpq 
Abpqor`qflk+ L^hi^ka) R+P+>7 Clla Cfopq ?llhp) 
.662+ .51 m+

TEFQQ>HBO) O+E+ Sbdbq^qflk lc qeb Pfphfvlr 
Jlrkq^fkp) Lobdlk ^ka @^ifclokf^+ B`lildf`^i 
Jlkldo^mep) T^pefkdqlk) s+ 0-) m+ /46*005) 
.63-+

   Pqrmfkl bq ^i
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