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n a rd qu d ] c d d o l hm hl t l hm B P +K en q v < / -1 3 - N m sg d n sg d q g ] m c +
n m sg d S B H rhc d %v < / -3 1 ] m c / -4 5 (+ B P +K g ] r v d kk,c d ehm d c c d d o
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c d f qd d n e L B C b ] m a d n a s] hm d c hm sg d S B H o g ] rd + qd ] b g hm f m d ] qkx
0 / / ] s ] l t b g kn v d q 9 sg ] m sg ] s m d d c d c en q sg d sqhu h] k hm rt k] sn q-
M n sd sg ] s sg d L B C u ] kt d sg ] s v d qd b d m skx qd o n qsd c en q S N o g n m n m r
hm O a S d %v < / ( ] s 8 S v ] r 2 / %0 8 (- Hm ] c c hshn m + v g hkd + en q sg d sqhu h] k
hm rt k] sn q+ a n sg o n k] qhy ] shn m r l ] hm s] hm rhl hk] q ] l o khst c d r hm sg d
rst c hd c ehd kc q] m f d + en q sg d S B H r] l o kd r+ sg d c n l hm ] m s sq] m rl hssd c
o n k] qhy ] shn m rv hsb g d r eqn l B P sn B K v hsg hm b qd ] rhm f 9 -

V d rg n t kc m n sd sg ] s sg d ed qqn d kd b sqhb sq] m rhshn m b n t kc a d qd ro n m ,
rha kd en q sg d c heed qd m s c d f qd d r n e L B C n a rd qu d c hm sg d rd r] l o kd r+ ] r
a qn j d m hm u d qrhn m rx l l d sqx hr m d b d rr] qx en q ] ehm hsd o g n m n m ] m f t k] q
l n l d m st l - S g d v < / -1 3 r] l o kd ] s 0 1 I hr b kn rd sn sg d ed qqn d kd b sqhb
sq] m rhshn m %0 1 I .M b < / -7 (+ sg t r kd ] c hm f sn t m c d ehm d c o g n m n m b hqb t ,
k] q l n shn m ] s kn v 9 - N m sg d b n m sq] qx + sg d r] l o kd r v hsg g hf g d q v ] qd
c d d o d q hm sg d ed qqn d kd b sqhb o g ] rd ] s sg d r] l d sd l o d q] st qd %0 1 I .M b <
/ -3 ] m c / -0 2 en q sg d v < / -3 1 ] m c / -4 5 r] l o kd r+ qd ro d b shu d kx (+ ] m c sg d
b g hq] k o g n m n m r b ] m a d n a s] hm d c ] s kn v d q l ] f m d shb ehd kc r-

F hY m s l Y f m d shb l n l d m sr n e o g n m n m r hm sg d S B H o g Y r d
S n p t ] m shex sg d l ] f m d shb o qn o d qshd r n e sg d rd b g hq] k o g n m n m r+ v d
b ] kb t k] sd c sg d b n l o kd w E ] q] c ] x qn s] shn m %E P ( ] r ] et m b shn m n e
eqd p t d m b x - V g hkd hs n m kx qd k] sd r sn sg d n ee,c h] f n m ] k sd ql r n e sg d b n m ,
c t b shu hsx sd m rn q+ sg d b n l o kd w E P ] kkn v r t r sn c d sd ql hm d sg d o g n m n m
eqd p t d m b hd r hm sg d b hqb t k] q a ] rhr ] m c g ] r ] t rd et k ] c u ] m s] f d hm
d w o d q hl d m sr t m c d q d w sqd l d b n m c hshn m r9 Hs hr m n s m d b d rr] q x sn
qd o d ] s l d ] rt qd l d m sr n m sg d rt a rsq] sd sn n a s] hm ] qd ed qd m b d rhf m ] k-
S g d qd ] k ] m c hl ] f hm ] qx o ] qsr %E P < Θ * hη ( ] s ] f hu d m eqd p t d m b x ] qd
Θ < Z] qf %B P ( ˇ ] qf %B K ([.1 ] m c η < %∣B K ∣ ˇ ∣B P ∣(.%∣B K ∣ * ∣B P ∣(+ v g d qd
Θ hr sg d E P n e sg d o n k] qhy ] shn m o k] m d ] m c η p t ] m shehd r sg d d kkho shb hsx
b g ] m f d %5 5 (-

E hf t qd 2 %> sn B ( o qd rd m sr Θ ] m c η en q sg d sg qd d r] l o kd r- E n q v <
/ -1 3 + sg d rhf m ] k rg n v r l t ksho kd v hf f kd r ] s kn v 9 a t s d w g ha hsr ] o ] hq n e
o n rhshu d ] m c m d f ] shu d d kkho shb hsx o d ] j r ] m c u ] m hrg hm f E ] q] c ] x qn s] ,
shn m ] s sg d r] l d eqd p t d m b x hm g hf g l ] f m d shb ehd kc r- R t b g d u n kt shn m
en q sg d d kkho shb hsx hr ] c hqd b s d rshl ] sd n e sg d L B C + v g d qd b g hq] k
o g n m n m r v hkk kd ] c sn sg d ] a rn qo shn m n e d hsg d q ∣B P ∣ n q ∣B K ∣+ qd rt kshm f

hm ] o d ] j n e η < z 0 - > r ] q f t d c a d en qd en q sg d L B C hm sg d S B H
qd f hl d + kn v l ] f m d shb ehd kc r ] qd rt eehb hd m s en q sg d ] o o d ] q] m b d n e n o ,
o n rhsd d kkho shb hsx o d ] j r sn f d sg d q v hsg u ] m hrg hm f E P ] m f kd r-

N t q ehm c hm f r ] qd b n m rhrsd m s v hsg o qd u hn t r E P l d ] rt qd l d m sr hm
O a / -4 R m / -4 S d %3 8 (+ v g hb g c hro k] x d c rl ] kk d kkho shb hsx o d ] j r ] s eqd p t d m ,
b hd r rhl hk] q sn n t qr %] ksg n t f g m n s c hrb t rrd c hm sg d hq v n qj (- Hm b n l ,
o ] qhrn m + sg d kn v d q g n kd b n m b d m sq] shn m r n e n t q r] l o kd r ] kkn v d c t r sn
rst c x sg d ehkl r et q sg d q hm sn sg d ed q qn d kd b sq hb o g ] rd + qd rt kshm f hm
b kd ] qkx n m d b g hq] k rd m rd o d q o g n m n m -

S g d eqd p t d m b hd r n e sg d b g hq] k o g n m n m r b g ] m f d rt a rs] m sh] kkx v hsg
sg d l ] f m d shb ehd kc rsqd m f sg + ] r rg n v m hm E hf - 2 %C sn E (- S g d l ] f ,
m d shb o qn o d qshd r n e sg d n a rd qu d c o g n m n m a q] m b g d r b ] m a d d w sq] b sd c
t rhm f ] l n c d k en q sg d p t ] c q] shb c d o d m c d m b d hm sd ql r n e ] X d d l ] m
ro khsshm f ] m c c h] l ] f m d shb rg hes ] b b n qc hm f sn B K +P %9 ( < g eS N z f ) μ A 9
* σ c h] 9

1 + v g d qd g hr sg d O k] m b j b n m rs] m s+ eS N hr sg d S N o g n m n m eqd ,
p t d m b x ] s y d qn l ] f m d shb ehd kc + f ) hr sg d d eed b shu d f ,e] b sn q+ μ A hr sg d
A n g q l ] f m d sn m + ] m c σ c h] hr sg d c h] l ] f m d shb rg hes b n d eehb hd m s %0 8 (-
V d t rd c sg hr d p t ] shn m hm E hf - 2 %C sn E (+ ] r rg n v m a x sg d rn khc
khm d r+ sn n a s] hm sg d o ] q] l d sd qr o kn ssd c hm E hf - 2 %F sn H(-

S g d sqd m c n a rd q u d c hm E hf - 2 F en q eS N + rg n v hm f hm b qd ] rhm f
o g n m n m eqd p t d m b hd r v hsg v + v g hb g hr ] b n m rd p t d m b d n e sg d b n l o n ,
rhshn m ,c d o d m c d m s o g n m n m g ] qc d m hm f + b n m ehql r sg ] s ] kk ehkl r v d qd
a d kn v sg d ed qqn d kd b sqhb b qhshb ] k sd l o d q] st qd c t qhm f sg d d w o d qhl d m sr
hm l ] f m d shb ehd kc r- M n sd sg ] s sg d v < / r] l o kd eqn l %0 8 ( hr rshkk hm sg d
rn esd m hm f o ] qs n e sg d o g ] rd sq] m rhshn m ] s sg ] s sd l o d q] st qd -

E n q sg d r] l o kd v hsg v < / -1 3 + sg d ehsshm f n e sg d X d d l ] m sd ql en q
sg d kn v d rs d m d qf x o g n m n m %a kt d b hqb kd r hm E hf - 2 C ( f hu d r ] u ] kt d n e f )
%/ -0 1 z / -/ 1 ( sg ] s hr sg qd d shl d r k] qf d q sg ] m sg ] s qd o n qsd c en q sg d v < /
r] l o kd %/ -/ 3 2 z / -/ / 5 ( %0 8 (- S g d k] qf d d qqn q a ] q en q f ) hm sg hr b ] rd hr
l ] hm kx ] qd rt ks n e sg d hl o n rrha hkhsx n e ehsshm f sg d d kkho shb hsx o d ] j r
c n v m sn sg d kn v ehd kc r- V g d m v hr hm b qd ] rd c hm sn sg d S B H rhc d + sg d
d eed b shu d f ,e] b sn q b g ] m f d r rhf m en q S N 0 ] m c b n m shm t d r sn hm b qd ] rd
v hsg ] m n o o n rhsd rhf m a d sv d d m sg d sv n o g n m n m l n c d r+ ] r rg n v m
hm E hf - 2 G - S g d u ] kt d n e f ) sg ] s v d n a s] hm d c en q sg d r] l o kd v hsg
sg d k] qf d rs R m b n l o n rhshn m %f ) < ˇ 0 -1 z / -1 en q S N 0 ] m c 2 -2 z / -4
en q S N 1 ( qd o qd rd m sr ] b n kn rr] k hm b qd ] rd + a x sv n n qc d qr n e l ] f m hst c d +
n u d q sg d l d ] rt qd l d m sr hm sg d sqhu h] k hm rt k] sn q r] l o kd r %v < / ] m c
/ -1 3 (- S g d n qc d q n e l ] f m hst c d hr b n l o ] q] a kd v hsg sg d u ] kt d qd b d m skx
qd o n qsd c %1 -6 ( en q ] rn es o g n m n m hm sg d C hq] b rd l hl d s] k B c 2 > r 1

%1 0 + 5 6 (-
S g d c h] l ] f m d shb sd q l + v g hb g hm b qd ] rd r sg d d m d q f hd r n e a n sg

b g hq] k a q] m b g d r v hsg ] m hm b qd ] rhm f l ] f m d shb ehd kc + ] krn rg n v r ] f qd d ,
l d m s hm sg d n qc d q n e l ] f m hst c d a d sv d d m sg d rg hes en q S N 0 hm sg d v <
/ -1 3 r] l o kd ] m c sg d qd o n qsd c u ] kt d en q v < / Z%0 -8 z / -1 ( ± 0 / ˇ 3

l d U .S 1 [- E n q sg d r] l d o g n m n m l n c d + sg d c h] l ] f m d shb rg hes b n m shm ,
t n t rkx hm b qd ] rd r a x t o sn n m d n qc d q n e l ] f m hst c d ] s v < / -4 5 Z%0 4 z
3 ( ± 0 / ˇ 3 l d U .S 1 [- E n q sg d S N 1 l n c d + ] r rd d m hm sg d X d d l ] m sd ql +
sg d u ] kt d hr d u d m k] qf d q sg ] m sg ] s en q S N 0 ] m c qd ] b g d r %2 8 z 8 ( ± 0 / ˇ 3

l d U .S 1 -
A d b ] t rd n e shl d qd u d qr] k rx l l d sqx ] s y d qn l ] f m d shb ehd kc + hs hr

d w o d b sd c sg ] s d ] b g n m d n e sg d l d ] rt qd c o g n m n m l n c d r %S N 0 ] m c
S N 1 ( rg n t kc o qn c t b d sv n b hqb t k] qkx o n k] qhy d c a q] m b g d r+ o d qg ] o r
v hsg n m d v d ] j d q a q] m b g + ] r qd o n q sd c en q O a S d %0 8 (+ B d E 2 %1 . (+
] m c B c 2 > r1 %1 0 (- M d u d qsg d kd rr+ a d b ] t rd n e rsqn m f L B C + n m kx n m d
sx o d n e b g hq] khsx b n t kc a d d w o d q hl d m s] kkx qd rn ku d c o d q o g n m n m
l n c d hm E hf - 2 %C sn E (- E t qsg d ql n qd + sg n rd rhm f kd b g hq] k a q] m b g d r
] b p t hqd c n o o n rhsd g ] m c d c m d rr+ h-d -+ kd es,g ] m c %a kt d ( en q S N 0 ] m c
qhf g s,g ] m c %qd c ( en q S N 1 - T rhm f sg d n a s] hm d c ehsshm f o ] q] l d sd qr+
v d d rshl ] sd c sg d o n rhshn m n e sg d l hm n q hsx b g hq] k a q] m b g d r+ ] r

E hf - 1 - O g n m n m l Y f m d shb b hqb t kY q c hb g qn hr l - &: sn B ( Q hf g s,g ] m c d c &r n khc khm d (

] m c kd es,g ] m c d c &c ] r g d c khm d ( sq] m r l hssd c d kd b sqhb | d kc r hm sg d eqd p t d m b x c n l ] hm

en q r d u d q] k A - S g d c ] s] v d qd m n ql ] khy d c - S g d et kk ] m c d l o sx ] qqn v r hm c hb ] sd sg d

o n r hshn m n e qd kd u ] m s sq] m r l hr r hn m l hm hl ] hm D Q *K ] r ] f t hc d sn sg d d x d en q sg d b hq,

b t k] q c hb g qn hr l - R b ] m r ] qd u d qshb ] kkx n  r d s en q b k] qhsx - S ; 0 1 J -
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o kn ssd c a x sg d c ] rg d c khm d r- V g hkd en q v < / -1 3 + sg n rd d m d qf x a q] m b g ,
d r b n t kc a d hm sg d t m hc d m shehd c E P ed ] st qd r+ hm sg d S B H qd f hl d + v d
d w o d b s sg d P ,a q] m b g en q S N 0 sn a d ] rg n t kc d q n m sg d kn v ,eqd p t d m b x
rhc d n e sg d P ,a q] m b g en q S N 1 v g d qd hs hr g hc c d m a x sg d o d ] j n e sg d
c n l hm ] m s b g hq] khsx en q sg d n sg d q o g n m n m - N m sg d n sg d q g ] m c + sg d K ,
a q] m b g en q S N 1 rg n t kc a d ] a n u d hsr P ,a q] m b g + v g hb g hr hm sg d khl hs
n q n t srhc d sg d l d ] rt qd c eqd p t d m b x v hm c n v -

C HR B T R R HN M
M n v + v d c hrb t rr o n rrha kd l hb qn rb n o hb l d b g ] m hrl r sg ] s f hu d qhrd sn
sg d k] qf d d eed b shu d o g n m n m f ,e] b sn q+ f ) + ] m c hm o ] qshb t k] q+ sg d b g ] m f d r
n a rd qu d c ] b qn rr sg d sn o n kn f hb ] k sq] m rhshn m - P d m d s T k- %1 7 ( g ] u d o qn ,
o n rd c sg d n qd shb ] kkx ] l d b g ] m hrl sg ] s kd ] c r sn o g n m n m d eed b shu d f ,
e] b sn qr ] qhrhm f eqn l d kd b sqn m hb b n m sqha t shn m r b n l o ] q] a kd v hsg sg d
d w o d qhl d m s] k u ] kt d r qd o n qsd c en q O a S d %0 8 (- V hsg hm sg hr l d b g ] ,
m hrl + u ] khc v g d m sg d o g n m n m eqd p t d m b hd r ] qd rl ] kkd q sg ] m sg d d kd b ,
sqn m hb a ] m c f ] o + sg d b hqb t k] q l n shn m n e ] b g hq] k o g n m n m hm c t b d r ] m
d kd b sqn m hb n qa hs] k qd ro n m rd v hsg sn o n kn f hb ] k ] m c m n m sn o n kn f hb ] k
b n m sqha t shn m r sg ] s+ hm st qm + f hu d qhrd sn ] o g n m n m l ] f m d shb l n l d m s-

Hm sg hr v n q j + v d ] c n o s ] kn v ,d m d q f x l n c d k en q O a 0 ˇ v R m v S d +
s] j hm f hm sn ] b b n t m s sg d u ] kkd x c d f d m d q] b x ] m c sg d c n o hm f o qd rd m s
hm sg d r] l o kd r+ ] m c b n l o t sd sg d o g n m n m l ] f m d shb l n l d m s en kkn v ,
hm f %1 7 (: rd d %4 7 ( en q c d s] hkr- E hf t qd 3 > rg n v r ] f d m d qhb d kd b sqn m hb
a ] m c rsqt b st qd en q r] l o kd r v hsg n o o n rhsd l ] rr sd ql r ] m c E d ql h
kd u d k hm sg d f ] o - Hm sg d sqhu h] k o g ] rd + v d ehm c sg ] s sg hr l n c d k rt b b d rr,
et kkx o qd c hb sr sg d hm b qd ] rd n e sg d l ] f m d shb l n l d m s eqn l v < / sn v <
/ -1 3 + n m b d sg d n b b t o ] m b x n e g n kd kd u d kr hm sg d r] l o kd r hr s] j d m hm sn
] b b n t m s+ ] r rg n v m hm E hf - 3 A - S g d qd + v d o kn s sg d o g n m n m l ] f m d shb
l n l d m s+ L y + ] r ] et m b shn m n e l n l d m st l hm E hf - 3 C - Hm sd f q] shm f
n u d q l n l d m st l + v d ehm c sg d q] shn n e sg d l ] f m d shb l n l d m s ] s v
< / -1 3 sn sg ] s ] s v < / sn a d 1 -2 + v g hb g ] f qd d r v d kk v hsg sg d d w o d qh,
l d m s] k u ] kt d n e 1 -7 z / -6 - S g d l n c d k sg ] s v d t rd o qd c hb sr ] rhf m
b g ] m f d n e sg d o g n m n m l ] f m d shb l n l d m s ] b qn rr sg d sqhu h] k sn S B H
o g ] rd r+ ] r n a rd qu d c hm n t q d w o d qhl d m sr: rd d E hf - 3 B - > f ) ,e] b sn q
rhf m b g ] m f d g ] r ] krn a d d m o qd c hb sd c ] b qn rr ] rsqn m f ,sn ,v d ] j sn o n ,
kn f hb ] k sq] m rhshn m %1 7 (-

G n v d u d q+ n t q l n c d k b ] m m n s d w o k] hm sg d n a rd qu d c b n m shm t n t r hm ,
b qd ] rd n e sg d f ) ,e] b sn q hm sg d S B H o g ] rd - N m d o n rrha kd d w o k] m ] shn m hr
sg d c heed qd m s b ] qqhd q c d m rhsx ] b qn rr sg d rd s n e r] l o kd r- G n v d u d q+ v d
en t m c sg ] s hm b qd ] rhm f sg d b ] qqhd q c d m rhsx c d b qd ] rd r f ) + b n m sq] qx sn
sg d n a rd q u ] shn m r %4 7 (- > m n sg d q o n rrha kd d w o k] m ] shn m hr sg ] s sg d
rt q e] b d rs] sd r b n m sq ha t sd sn sg d o g n m n m l ] f m d shb l n l d m s-
G n v d u d q+ rt b g ] b n m sqha t shn m b ] m m n s a d b ] o st qd c v hsg hm sg d o qd ,
l hrd r n e n t q l n c d k sqd ] shm f sg d o g n m n m r ] m c d kd b sqn m r b n m rhrsd m skx
%4 7 (- > r sg d r] l o kd r v hsg v = v a ] qd d w o d b sd c sn g ] u d f ] o kd rr %0 0 0 (
rt qe] b d rs] sd r+ ] m t m c d qrs] m c hm f n e sg d d m g ] m b d l d m s n e sg d o g n m n m
l ] f m d shb l n l d m s rg n t kc s] j d hm sn ] b b n t m s sg d hq m n m ] c h] a ] shb b n m ,
sqha t shn m - P d b d m skx + F d hkg t ed %1 8 ( g ] r o qn o n rd c ] l d b g ] m hrl v g d qd
] b g hq] k o g n m n m l n c d hm c t b d r hm d q sh] k d eed b sr hm sg d d kd b sqn m r+
kd ] c hm f sn ] m d eed b shu d ro hm ,b g hq] k o g n m n m b n t o khm f sg ] s b n t kc o n ,
sd m sh] kkx kd ] c sn k] qf d o g n m n m l ] f m d shb l n l d m sr- G n v d u d q+ sg d
d u ] kt ] shn m n e sg hr b n m sqha t shn m en q O a 0 ˇ v R m v S d qd p t hqd r hm b kt c hm f
sg d hm d qsh] k d eed b s G ] l hksn m h] m sd ql r hm c d m rhsx et m b shn m ] k b n c d r-
X g ] m f d s T k- %5 7 ( g ] u d o t s en qv ] qc ] o g n m n m l ] f m d shb l n l d m s
sg d n qx en q qd ] khrshb l ] sd qh] kr a ] rd c n m ehqrs,o qhm b ho kd r b ] kb t k] shn m r-
A n sg ] o o qn ] b g d r qd p t hqd b n m rhc d qhm f sg d ] m g ] ql n m hb o g n m n m hm ,
sd q] b shn m r ] m c ] kkn x m ] st qd n e O a 0 ˇ v R m v S d - Hm ] c c hshn m + sg d b n t o khm f
n e sg d o g n m n m r sn sg d d kd b sqn m hb b x b kn sqn m qd rn m ] m b d %1 0 ( rg n t kc a d
m d f khf ha kd + ] r sg n rd ] qd k] qf d kx c d st m d c en q sg d rst c hd c l ] f m d shb
ehd kc q] m f d - > ksg n t f g sg d qd g ] r a d d m ] m hm sd m rd rd ] qb g en q sn o n kn f ,
hb ] k b n m sqha t shn m r sn o g n m n m d eed b sr+ ] r c hrb t rrd c ] a n u d en q %1 7 ( ] m c
hm n sg d q qd b d m s rst c hd r %5 7 – 6 0 (+ et qsg d q sg d n qd shb ] k v n qj hr rshkk m d b ,
d rr] qx sn et kkx t m c d qrs] m c sg d l ] f m d shb l n l d m s n e o g n m n m r hm sg d
sn o n kn f hb ] k o g ] rd -

Hm b n m b kt rhn m + v d rst c hd c sv n S N o g n m n m l n c d r hm ] rd s n e
O a 0 ˇ v R m v S d sg hm ehkl r ] b qn rr sg d sq hu h] k sn S B H sq] m rhshn m - V d
n a rd qu d c sg d n b b t qqd m b d n e ] ed qqn d kd b sqhb o g ] rd hm ] kk sg d r] l o kd r
] s ] b n l o n rhshn m ,c d o d m c d m s b qhshb ] k sd l o d q] st qd - Hm sg ] s o g ] rd ] m c
t m c d q hm sd m rd l ] f m d shb ehd kc r+ sg d o g n m n m l n c d r d w g ha hsd c b hqb t k] q
o n k] qhy ] shn m v hsg n o o n rhsd g ] m c d c m d rr- V g hkd sg d r] l o kd hm sg d sn ,
o n kn f hb ] kkx sqhu h] k o g ] rd %v < / -1 3 ( rg n v d c l ] f m d shb o qn o d qshd r hm
] f qd d l d m s v hsg ] o qd u hn t r qd o n qs en q O a S d + sg d ehkl r hm sg d S B H
o g ] rd c hro k] x d c t m d w o d b sd c qd rt ksr- E hqrs+ ] g hf g c d f qd d n e l ] f m d shb

E hf - 2 - O g n m n m l Y f m d shb o qn o d qshd r Y b qn r r sg d S B H sqY m r hshn m - &: sn B ( Θ &c ] r g d c khm d r ( ] m c η &r n khc khm d r (* a n sg hm q] c h] m r * ] r ] et m b shn m n e eqd p t d m b x en q r d u d q] k A - S g d

] qqn v r hm c hb ] sd sg d eqd p t d m b hd r r g n v m hm E hf - 1 - &C sn E ( E qd p t d m b x n e sg d d kkho shb hsx o d ] j r ] r ] et m b shn m n e A v hsg | sshm f l n c d k &r n khc khm d r (- S g d c ] r g d c khm d r d rshl ] sd sg d

o n r hshn m n e o g n m n m a q] m b g d r v hsg b n l o kd l d m s] qx b g hq] khsx - S g d n a s] hm d c o ] q] l d sd qr ] qd o kn ssd c hm &F sn H(- S g d c ] s] o n hm sr en q v ; / v d qd d w sq] b sd c eqn l &. 3 (- R b ] m r

r g n v m hm &@ sn B ( ] qd u d qshb ] kkx n  r d s en q b k] qhsx - S ; 0 1 J -
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b hqb t k] q c hb g qn hrl b n t kc a d qd ] b g d c ] s kn v l ] f m d shb ehd kc r- R d b n m c +
sg d n a s] hm d c d eed b shu d f ,e] b sn qr en q a n sg o g n m n m r hm b qd ] rd c a x sv n
n q c d q r n e l ] f m hst c d ] m c b g ] m f d c rhf m en q sg d kn v d rs,d m d q f x
o g n m n m l n c d ] b qn rr sg d sn o n kn f hb ] k sq] m rhshn m + sg t r ] b p t hqhm f n o ,
o n rhsd rhf m r a d sv d d m sg d l n c d r- E t qsg d ql n qd + sg d c h] l ] f m d shb rg hes
rg n v d c ] m hm b qd ] rd n e n m d n qc d q n e l ] f m hst c d - S g d rd qd rt ksr c d l ,
n m rsq] sd sg ] s sg d l ] f m d shb o qn o d qshd r n e o g n m n m r ] qd k] qf d kx d m ,
g ] m b d c hm sn o n kn f hb ] k l ] sd q h] kr- R b g d l d r en q o g n m n m
l ] m ho t k] shn m v hsg l ] f m d shb ehd kc r+ v hsg hl o ] b s hm o qn o d qshd r rt b g
] r sg d ql ] k b n m c t b shu hsx %6 1 – 6 3 (+ b ] m a d l n qd d eed b shu d kx ] o o khd c hm
sg ] s o g ] rd n e l ] ssd q-

L D S G N C R
R Y l o kd f qn v sg
S g d rhm f kd ,b qx rs] k O a 0 ˇ v R m v S d ehkl r v d qd f qn v m a x l n kd b t k] q a d ] l
d o hs] w x + v hsg ] sg hb j m d rr n e ∼ 0 -4 μ l + n m %0 0 0 ( A ] E 1 rt a rsq] sd r ] m c
v hsg c heed qd m s R m b n m sd m s ] b qn rr sg d sn o n kn f hb ] k o g ] rd sq] m rhshn m -
S g d g n kd b n m b d m sq] shn m r v d qd 0 -6 ± 0 / 0 7 + 7 -0 ± 0 / 0 7 + ] m c 7 -4 ±
0 / 0 7 b l ˇ 2 en q sg d v < / -1 3 + / -3 1 + ] m c / -4 5 r] l o kd r+ qd ro d b shu d kx +
c d c t b d c eqn l G ] kk l d ] rt qd l d m sr- D w sd m rhu d c d s] hkr n e sg d f qn v sg
o ] q] l d sd qr ] m c l ] f m d sn b n m c t b shu hsx qd rt ksr ] r ] et m b shn m n e sd l ,
o d q] st qd + R m b n m sd m s+ ] m c b ] qqhd q c d m rhsx ] qd rg n v m hm %6 4 (-

L d Y r t qd l d m sr
S g d S G y ,S C R rd st o t rd r sg d n t so t s eqn l ] S h9r] o o g hqd qd f d m d q] shu d
] l o khehd q %0 j G y + 0 4 / er+ ] m c 6 6 4 m l : B k] qj ,L W P Hm b -( sn f d m d q] sd
o t krd c sd q] g d qsy q] c h] shn m u h] n o shb ] k qd b shehb ] shn m - E n q sg d l ] f m d shb
ehd kc c d o d m c d m b d n e sg d o g n m n m eqd p t d m b hd r+ v d t rd c sg d P hb d > c ,
u ] m b d c L ] f m d s v hsg A qn ] c a ] m c N o shb r rd st o - S n ] u n hc ] qshe] b sr hm
sg d b qn rrd c b n m ehf t q] shn m c t d sn hl o d qed b shn m r hm sg d o n k] qhy d qr ] m c

sn hm b qd ] rd sg d rhf m ] k,sn ,m n hrd q] shn + sg d l d ] rt qd l d m sr v d qd qd o d ] s,
d c rd u d q] k shl d r- R d d et qsg d q d w o d qhl d m s] k c d s] hkr hm sg d R t o o kd l d m ,
s] qx L ] sd qh] kr-

L n c d k en q o g n m n m l Y f m d shb l n l d m s n e kd Y c shm sd kkt qhc d
S n b ] kb t k] sd sg d a ] m c sn o n kn f x b n m sqha t shn m sn sg d o g n m n m hb l ] f ,
m d shb l n l d m s+ v d b n m rhc d q sg d en kkn v hm f d eed b shu d en t q,a ] m c kn v ,
d m d qf x G ] l hksn m h] m ] qn t m c sg d K o n hm s %6 5 (

F / ¼ ðl þ ai 1
2 Þ σ y þ u E ð i 0 px i 1 pv Þ σ v þ u 2 i 2 σ x ð 0 Þ

v g d qd i 0 + i 1 + ] m c i 2 en ql ] m n qsg n f n m ] k rx rsd l v hsg i 2 o n hm shm f
] kn m f Γ J khm d ] m c i 0 ] kn m f sg d Z0 0 / [ c hqd b shn m - S g d en ql n e d kd b ,
sqn m ,o g n m n m hm sd q] b shn m + v g hb g hr ] kkn v d c a x rx l l d sq x ] m c
qd rt ksr hm ] m n m y d qn o g n m n m l ] f m d shb l n l d m s+ hr f hu d m a x

F m g ¼ ζðt v p/ σ v t x py σ x Þ ð1 Þ

S g d o g n m n m l ] f m d shb l n l d m s hr sg d m b ] kb t k] sd c a x t rhm f d p t ] ,
shn m 2 hm %1 7 (

L y ¼
d

1 l H
J H

ð

c Ω i v i x t v t x
ð 2 Þ

v g d qd l H hr sg d l ] rr n e sg d qd o qd rd m s] shu d hn m v hsg ] u d q] f d c ] m f t k] q
l n l d m st l J H ¼ ðl H < M Þ

Ð M
/ ð k  k̂ Þ c s n u d q sg d o g n m n m o d qhn c M +

i α + ] m c t α c d m n sd l n l d m st l ] m c sg d c hro k] b d l d m s n e o g n m n m
l n c d hm α c hqd b shn m v hsg rd b n m c B g d qm en ql

Ω α β γ δ ¼ Ω α β Ω γ δ þ Ω β γ Ω α δ Ω α γ Ω β δ ð 3 Þ

c d ehm d c hm sd ql r n e A d qqx b t qu ] st qd Ω α β hm l n l d m st l % ( ] m c
o g n m n m c hro k] b d l d m s %k ( ro ] b d -

E hf - 3 - O g n m n m l Y f m d shb l n l d m s eqn l d kd b sqn m hb a Y m c sn o n kn f x - &: ( @ f d m d qhb d kd b sqn m hb a ] m c rsqt b st qd en q ] j - o G ] l hksn m h] m c d r b qha hm f sg d kn v d m d qf x a t kj a ] m c

rsqt b st qd hm O a 0 ˇ v R m v S d en q n o o n r hsd l ] r r sd ql r v hsg sg d E d ql h kd u d k r g n v m a x ] c ] r g d c khm d - &A ( S g d a ] m c rsqt b st qd en q sg d o ] qshb t k] q b ] r d n e v ; / ] m c v ; / -1 3 v g d qd u E ;

0 d U * u 2 ; / -2 d U * ] m c sg d E d ql h kd u d k r g n v m a x sg d c ] r g d c khm d hr b ] kb t k] sd c n m sg d a ] r hr n e b ] qqhd q o n o t k] shn m - &B ( O g n m n m l ] f m d shb l n l d m s b ] kb t k] sd c en q sg d E d ql h kd u d k

hm sg d f ] o en q n o o n r hsd l ] r r sd ql r - S g d o g n m n m l ] f m d shb l n l d m s b g ] m f d r r hf m v hsg sg d l ] r r sd ql - &C ( S g d sn o n kn f hb ] k &r n khc ( ] m c m n m sn o n kn f hb ] k &c ] r g d c ( b n m sqh,

a t shn m sn o g n m n m l ] f m d shb l n l d m s en q sg d sv n R m b n m b d m sq] shn m r hm &A (- S g d o g n m n m l ] f m d shb l n l d m s eqn l sg d sv n a ] m c r ] qd d p t ] k ] m c n o o n r hsd * ] m c sg t r * hsr u ] kt d

hr r t o o qd r r d c v g d m E d ql h kd u d k khd r a d kn v n q ] a n u d sg d f ] o -
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R t o o kd l d m sY qx L Y sd qhY kr
S g hr O C E z kd hm b kt c d r 9

C d s] hkr n e shl d ,c n l ] hm sd q] g d qsy r o d b sqn rb n o x

S d l o d q] st qd c d o d m c d m b d n e sg d o g n m n m eqd p t d m b hd r

E hsr n e sq] m r l hss] m b d r o d b sq]

O g n m n m l ] f m d shb l n l d m s eqn l d kd b sqn m hb a ] m c sn o n kn f x

E hf r - R 0 sn R 0 /

S ] a kd r R 0 sn R 2

P D E D P D M B D R : M C M N S D R
0 - @ - @ - L ] q] c t c hm * R - G - U n rj n * R x l l d sqx o qn o d qshd r n e sg d m n ql ] k u ha q] shn m r n e ] b qx rs] k- Q d u

L n c O f x r 3 . * 0 – 2 6 &0 8 5 7 (-

1 - R - R sqd ha * C h d qd m b d a d sv d d m ] m f t k] q l n l d m st l ] m c o r d t c n ] m f t k] q l n l d m st l - O f x r

Q d u A 0 . 2 * K 0 / / 3 / 8 &1 / 1 0 (-

2 - K - Y g ] m f * P - M ht * @ m f t k] q l n l d m st l n e o g n m n m r ] m c sg d D hm rsd hm – c d G ] ] r D  d b s- O f x r

Q d u J d ss 0 0 1 * / 7 4 4 / 2 &1 / 0 3 (-

3 - K - Y g ] m f * P - M ht * B g hq] k o g n m n m r ] s g hf g ,r x l l d sqx o n hm sr hm l n m n k] x d q g d w ] f n m ] k k] sshb d r -

O f x r Q d u J d ss 0 0 4 * 0 0 4 4 / 1 &1 / 0 4 (-

4 - G - Y g t * I- X h* L -,X - K h* I- W h] n * K - Y g ] m f * B -,V - X ] m f * Q - @ - J ] hm c k* K -,I- K h* X - V ] m f * W - Y g ] m f *

N a r d qu ] shn m n e b g hq] k o g n m n m r - R a hd m a d 2 4 8 * 4 6 8 – 4 7 1 &1 / 0 7 (-

5 - F - F qhr r n m m ] m b g d * R - S g ç qh] t ks* @ - F n t qf n t s* L - D - A n t k] m f d q* D - K d eq] m ã n hr * @ - @ s] d h*

E - K ] kha d qsç * L - C hn m * I- R - Y g n t * R - O x n m * S - S ] j ] x ] l ] * G - S ] j ] f h* M - C n hqn m ,K d x q] t c *

K - S ] hkkd ed q* B g hq] k o g n m n m r hm sg d o r d t c n f ] o o g ] r d n e b t o q] sd r - M T s O f x r 0 5 *

0 0 / 7 – 0 0 0 0 &1 / 1 / (-

6 - I- L d c hm ] C t d í ] r * G - K - B ] ku n * K - D - E - E n ] S n qqd r * B n o qn o ] f ] shm f d c f d rs] sd r o qn c t b d c a x

sg d hm sd q] b shn m a d sv d d m d kd b sqn m r ] m c b g hq] k o g n m n m r hm sv n ,c hl d m r hn m ] k l ] sd qh] kr - O f x r

Q d u J d ss 0 1 7 * / 5 5 7 / 0 &1 / 1 1 (-

7 - C - L - It q] r b g d j * S - M d t l ] m * O - M ] q] m f * F h] m s d  d b shu d l ] f m d shb | d kc r eqn l n o shb ] kkx c qhu d m

b g hq] k o g n m n m r hm 3 e o ] q] l ] f m d sr - O f x r Q d u Q d r 3 * / 0 2 0 1 8 &1 / 1 1 (-

8 - C - X ] n * R - L t q] j ] l h* B g hq] k,o g n m n m ,hm c t b d c b t qqd m s hm g d khb ] k b qx rs] kr - O f x r Q d u A 0 . 4 *

0 7 3 3 0 1 &1 / 1 1 (-

0 / - F - W hn m f * G - B g d m * C - L ] * K - Y g ] m f * D  d b shu d l ] f m d shb | d kc r hm c t b d c a x b g hq] k o g n m n m r -

O f x r Q d u A 0 . 5 * 0 3 3 2 / 1 &1 / 1 1 (-

0 0 - I- A n m hm h* R - Q d m * C - U ] m c d qa hks* L - R sd m f d k* B - D - C qd x d q* R - B n g * E qd p t d m b x r o khsshm f n e b g hq] k

o g n m n m r eqn l a qn j d m shl d ,qd u d qr ] k rx l l d sqx hm B qH2 - O f x r Q d u J d ss 0 2 . * / 7 5 6 / 0 &1 / 1 2 (-

0 1 - J - Hr g hsn * G - L ] n * X - J n t r ] j ] * X - S n f ] v ] * R - Hv ] r ] j h* S - Y g ] m f * R - L t q] j ] l h* I-,H- J hr g hm d *

S - R ] sn g * S qt kx b g hq] k o g n m n m r hm α ,G f R - M T s O f x r 0 8 * 2 4 – 2 8 &1 / 1 2 (-

0 2 - J - Hr g hsn * G - L ] n * J - J n a ] x ] r g h* X - J n t r ] j ] * X - S n f ] v ] * G - J t r t m n r d * I-,H- J hr g hm d * S - R ] sn g *

B g hq] k o g n m n m r 9 B hqb t k] qkx o n k] qhy d c Q ] l ] m r o d b sqn rb n o x ] m c ] a hm hshn b ] kb t k] shn m r hm ]

b g hq] k b qx rs] k sd kkt qht l - B f hpT khsx 2 4 * 2 2 7 – 2 3 4 &1 / 1 2 (-

0 3 - B - O - Q n l ] n * Q - B ] sd m ] * M - @ - R o ] kc hm * L - L ] s] r * B g hq] k o g n m n m r ] r c ] qj l ] ssd q c d sd b sn qr -

] qW hu 91 2 / 0 -/ 6 5 0 6 Zg d o ,o g [ &1 / 1 2 (-

0 4 - J - J hl * D - U d ssd q* K - X ] m * B - X ] m f * Y - V ] m f * Q - R t m * X - X ] m f * @ - G - B n l r sn b j * W - K h* I- Y g n t *

K - Y g ] m f * V - X n t * C - R t m * I- K ht * B g hq] k,o g n m n m ,] b shu ] sd c r o hm R d d a d b j d  d b s- M T s L T sd p

1 1 * 2 1 1 – 2 1 7 &1 / 1 2 (-

0 5 - I- K t n * S - K hm * I- Y g ] m f * W - B g d m * D - Q - A k] b j d qs* Q - W t * A - H- X ] j n a r n m * G - Y g t * K ] qf d d  d b shu d

l ] f m d shb | d kc r eqn l b g hq] k o g n m n m r hm q] qd ,d ] qsg g ] khc d r - ] qW hu 91 2 / 5 -/ 2 7 4 1 Zb n m c ,l ] s-

l sqk,r b h[ &1 / 1 2 (-

0 6 - D - @ m ] rs] r r ] j hr * D - A t qrsd hm * L n qo g hb d  d b sr HH,d  d b sr n e d w sd qm ] k en qb d r n m sg d eqd p t d m b hd r

n e sg d p ≍ / n o shb ] k o g n m n m r - I O f x r B f d l R n khc 2 1 * 4 5 2 – 4 6 / &0 8 6 0 (-

0 7 - D - @ m ] rs] r r ] j hr * D - A t qrsd hm * @ - L ] q] c t c hm * Q - L hm m hb j * L n qo g hb d  d b sr ,HU - D  d b sr n e ] m
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