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o d qn u rj hsd r v g d qd sg d shkshm f rx rsd l r Z qd c d u d kn o d c v hsg
c d b qd Z rhm f s eZ b sn q+ sg d a n m c Z m f kd r N r− N − N r hm sg d rd
rsqt b st qd r l Z hm sZ hm Z s 0 7 / | sg qn t f g sg d rd rsqt b st qZ k sqZ m rhshn m r
hm o d qn u rj hsd J N rN 2 - Hm sg hr Z qshb kd + v d qd o n qs Z sg n qn t f g
b qx rsZ k rsqt b st qZ k rst c x n e M Z 0 − v J v N rN 2 hm sg d o g Z rd c hZ f qZ l
n e sg d b g d l hb Z k rt a rshst shn m Z m c sd l o d qZ st qd Z m c b n l o Z qd sg d
m d v rsqt b st qZ k c hrsn qshn m r v hsg sg n rd d rsZ a khrg d c en q n sg d q
o d qn u rj hsd b n l o n t m c r-
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rx m sg d rhyd c a x rn khc ,rsZ sd qd Z b shn m t m c d q g hf g ,o qd rrt qd Z m c
g hf g ,sd l o d qZ st qd b n m c hshn m r- S g d rsZ qshm f l Z sd qhZ kr J N 1 ’ N 1 ,
3 4 -5 + R hf l Z ,@ kc qhb g ( + M Z 1 N 1 ’ 8 6 + R hf l Z ,@ kc qhb g ( + Z m c
N rN 1 ’ N r,7 3 -/ + @ keZ @ d rZ q( v d qd sg n qn t f g kx l hw d c hm Z
rsn hb g hn l d sqhb qZ shn v hsg 0 4 l n k d w b d rrhu d J N 1 Z m c M Z 1 N 1

en q qd c t b hm f sg d hl o t qhshd r n e N rN 1 Z m c N r hm sg d fi m Z k
o qn c t b sr- S g d sn sZ k l Z rr n e rsZ qshm f l Z sd qhZ kr en q d Z b g rZ l o kd
hr Z qn t m c 4 / l f - S g d o qn b d rrd r n e l hw hm f Z m c f qhm c hm f v d qd
b n m c t b sd c hm Z m @ q,fi kkd c f kn u d a n w : sg d l hw st qd v Z r rd Z kd c hm Z
O s b qt b ha kd a d en qd sZ j hm f n t s eqn l sg d f kn u d a n w - S g d S D K . D K
< 5 . 0 1 ’ S D K < sqt m b Z sd c d c f d kd m f sg n m sg d b t a hb Z m u hk Z m c
D K < d c f d kd m f sg n e sg d o qd rrt qd ,l d c ht l n b sZ g d c qn m ( rZ l o kd
Z rrd l a kx v Z r t rd c hm sg d g hf g ,o qd rrt qd rx m sg d rhr v hsg Z
V Z kj d q,sx o d ,l t kshZ m u hk l n c t kd ’ Q n b j kZ m c Q d rd Z qb g B n -( -
T m c d q 0 3 F O Z + sg d rZ l o kd r v d qd g d Z sd c sn Z sZ qf d s
sd l o d qZ st qd n e 0 0 / / | B Z m c g d kc sg d qd en q 2 / l hm + en kkn v d c
a x Z sd l o d qZ st qd p t d m b g sn qn n l sd l o d qZ st qd a d en qd qd kd Z rhm f
sg d o qd rrt qd - S g d sd l o d qZ st qd p t d m b g hm f v Z r Z b g hd u d c a x
b t sshm f sg d o n v d q rt o o kx + Z m c sg d rZ l o kd qd Z b g d c qn n l
sd l o d qZ st qd v hsg hm 0 l hm - S n l hshf Z sd sg d qhrj n e o n sd m shZ k
d w o n rt qd sn sg d g hf g kx sn w hb N rN 3 + v d b n m c t b sd c sg d
o qd o Z qZ shn m n e rsZ qshm f l Z sd qhZ kr Z m c n o d m d c sg d rZ l o kd
b qt b ha kd v hsg hm Z m @ q,fi kkd c f kn u d a n w Z m c Z u d m shm f g n n c -

1 -1 - O n v c d p W pX w C hfi pX b shn m X m c P d z m d l d m s- D Z b g
a Z sb g n e o n kx b qx rsZ kkhm d rZ l o kd r v Z r hm hshZ kkx b g d b j d c a x
o n v c d q W ,qZ x c hÅ qZ b shn m ’ W Q C ( v hsg Z m hm ,g n t rd c hÅ qZ b ,
sn l d sd q Q HF @ J T ,L hm hE kd w 5 / / v hsg B t J qZ c hZ shn m Z s qn n l
sd l o d qZ st qd - S g d rx m b g qn sqn m W ,qZ x c hÅ qZ b shn m ’ R W Q C (
l d Z r t q d l d m s v Z r o d q en q l d c n m o n v c d q r Z l o kd r
M Z 0 − v J v N rN 2 ’ v < / -0 + / -5 + / -5 4 + / -6 4 + Z m c 0 ( Z s qn n l
sd l o d qZ st qd Z s A K / 1 A 1 a d Z l khm d n e R O qhm f ,7 v hsg v Z u d kd m f sg
λ < / -5 0 8 1 7 z - S g d sd l o d qZ st qd ,c d o d m c d m s R W Q C c Z sZ n e
M Z 0 − v J v N rN 2 ’ v < / -5 4 + / -6 4 + Z m c 0 ( v Z r b n kkd b sd c eqn l 0 / /
sn 3 / / J Z s A K / 1 A 1 a d Z l khm d n e R O qhm f ,7 v hsg v Z u d kd m f sg λ <
/ -5 0 8 6 3 z - S g d Q hd su d kc qd fi m d l d m s en q o n v c d q W Q C o Z ssd qm r
v Z r b n m c t b sd c a x Q HD S @ M ,E O Z m c U D R S @ rn esv Z qd -8 +0 /

1 -2 - L d X r t pd l d m sr n e O g w r hb X k O pn o d pshd r - S g d
l Z f m d shb o qn o d qshd r n e sg d M Z 0 − v J v N rN 2 rZ l o kd r v d qd
l d Z rt qd c hm Z l Z f m d shb o qn o d qsx l d Z rt qd l d m s rx rsd l
’ L O L R + P t Z m st l C d rhf m + Hm b -( - S g d o n kx b qx rsZ kkhm d rZ l o kd r
v d qd d m b Z rd c hm b n o o d q en hk hm sg d l d Z rt qd l d m s- S g d
b n m sqha t shn m n e sg d b n o o d q b Z o rt kd v Z r rt a sqZ b sd c eqn l sg d
qZ v c Z sZ -

S g d sg d ql n d kd b sqhb o n v d q en q sg d o n v c d q rZ l o kd v Z r
l d Z rt qd c hm Z g n l d l Z c d c d u hb d fi sshm f sn sg d sg d ql Z k
sqZ m ro n qs n o shn m ’ S S N ( hm Z o g x rhb Z k o qn o d qsx l d Z rt qd l d m s
rx rsd l ’ O O L R + P t Z m st l C d rhf m + Hm b -( - S g d o n v c d q rZ l o kd

eqn l f qhm c hm f sg d Z r,f qn v m rZ l o kd v Z r o kZ b d c hm sn Z / -6 l l
c hZ l d sd q g Z qc o kZ rshb c hd - S n u d qhex sg d qd khZ a hkhsx n e sg d
sg d ql n d kd b sqhb o n v c d q l d Z rt qd c n m Z o n v c d q en ql n e Z
rZ l o kd + sg d rhm f kd ,b qx rsZ k rZ l o kd M Z N rN 2 Z m c sg d o n v c d q
rZ l o kd l Z c d a x b qt rg hm f sg d rhm f kd ,b qx rsZ k rZ l o kd v d qd
b g d b j d c + Z m c m d Z qkx hc d m shb Z k qd rt ksr n e sg d sg d ql n d kd b sqhb
o n v d q v d qd n a sZ hm d c -

C hÅ d qd m shZ k rb Z m m hm f b Z kn qhl d sqx ’ C R B ( l d Z rt qd l d m s v Z r
b n m c t b sd c n m o n kx b qx rsZ kkhm d rZ l o kd r t rhm f Z L d sskd q S n kd c n
C R B 0 R S @ Q d rx rsd l - S g d rZ l o kd r+ 4 -4 6 l f en q v < / -5 4 Z m c
2 -2 3 l f en q v < / -6 4 + v d qd d m b kn rd c v hsg hm Z kt l hm t l b Z o rt kd r+
qd ro d b shu d kx - S g d rZ l o kd r t m c d qv d m s rd u d qZ k qn t m c r n e C R B
l d Z rt qd l d m sr sn u Z khc Z sd hsr qd o qn c t b ha hkhsx -
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2 -0 - R spt b st pX k A g X pX b sd phy X shn m r - E hf t qd 0 rt l l Z qhyd r
sg d qn n l ,sd l o d qZ st qd qd rt ksr n e sg d o g Z rd r Z m c sg d hq kZ sshb d

o Z qZ l d sd qr n e M Z 0 − v J v N rN 2 n a sZ hm d c a x qd fi m hm f sg d R W Q C
o Z ssd qm r- S g d kZ sshb d o Z qZ l d sd qr n e sg d n qsg n qg n l a hb o g Z rd en q
sg d M Z ,qhb g b n l o n rhshn m r Z qd b n m u d qsd c hm sn u Z kt d r hm sg d
o qhl Z qx b d kk- S g d sv n ,o g Z rd b n d w hrsd m b d ’ sg d sd sqZ f n m Z k Z m c
sg d n qsg n qg n l a hb o g Z rd r( hr en t m c hm b n l o n rhshn m r v < / -0 Z m c
/ -5 - M d f khf ha kd b g Z m f d r hm kZ sshb d o Z qZ l d sd qr hm a n sg o g Z rd r Z r Z
et m b shn m n e sg d m n l hm Z k b n m b d m sqZ shn m v hm sg d qZ m f d n e / -0 ≤ v
≤ / -5 hm c hb Z sd r sg Z s Z kl n rs Z kk M Z rsZ x hm sg d n qsg n qg n l a hb
o g Z rd Z m c Z kl n rs Z kk J rsZ x hm sg d sd sqZ f n m Z k o g Z rd qd f Z qc kd rr
n e sg d m n l hm Z k b n l o n rhshn m - S g d rhm f kd o g Z rd n e sd sqZ f n m Z k
rsqt b st qd S ’ O 3 . l l l ( hr en t m c hm sg d b n l o n rhshn m r n e v =
/ -5 / - @ kk R W Q C o Z ssd qm r Z s qn n l sd l o d qZ st qd Z m c sg d
qd fi m d l d m s qd rt ksr Z qd rg n v m hm E hf t qd 1 - Q d rt ksr n e sg d
o g Z rd Z m Z kx rhr Z m c kZ sshb d o Z qZ l d sd qr Z qd khrsd c hm S Z a kd 0 - V d
g Z u d Z krn qd fi m d c sg d o Z ssd qm r en q v = / -5 v hsg Z m n sg d q
sd sqZ f n m Z k rsqt b st qd l n c d k ’ H3 . l bl ( qd o n qsd c hm o d qn u rj hsd
n w hc d r rt b g Z r R qS hN 2 +

0 0 hm v g hb g sg d qd hr Z m Z m sho g Z rd
n b sZ g d c qZ k rhsd shskhm f Z kn m f sg d b Z w hr- C d ro hsd Z c n o shm f Z kZ qf d q
t m hs b d kk hm sg d H3 . l bl rsqt b st qd l n c d k hm b n l o Z qhrn m v hsg
O 3 . l l l + m n rhf m hfi b Z m s hl o qn u d l d m s hm P u Z kt d r hr n a sZ hm d c -
S g d qd Z qd m n rt o d qrsqt b st qd qd fi d b shn m r hm sg d R W Q C o Z ssd qm r
en q v = / -5 a Z rd c n m sg d hm c d w eqn l sg d o qhl Z qx b d kk-

V d g Z u d b g n rd m sg d m n l hm Z k b n l o n rhshn m r n e v < / -5 4 Z m c
/ -6 4 v hsg Z rhm f kd o g Z rd n e sg d sd sqZ f n m Z k rsqt b st qd ’ Z s qn n l
sd l o d qZ st qd ( en q sg d rsqt b st qZ k rst c x Z s c hÅ d qd m s sd l o d qZ st qd r
eqn l 0 / / sn 3 / / J - S g d b g d l hb Z k b n l o n rhshn m r v < / -4 6 2 ’ 5 (

D hf t pd 0 - K Z sshb d o Z qZ l d sd qr n e M Z 0 − v J v N rN 2 n a sZ hm d c a x qd fi m hm f sg d
R W Q C o Z ssd qm r b n kkd b sd c Z s qn n l sd l o d qZ st qd - D qqn q a Z qr Z qd rl Z kkd q
sg Z m rx l a n kr-
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o d qn u rj hsd J N rN 2 Z s S = 2 1 / J - T m en qst m Z sd kx + Z b n l o kd sd
rn khc ,rsZ sd rn kt shn m b Z m n m kx a d en t m c hm sg d b t a hb o g Z rd v hsg v
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o qd rrt qd rx m sg d rhr- Hs hr t m c d qrsZ m c Z a kd sg Z s sg d Z u d qZ f d ’ M Z +
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t m c d qa n m c hm f L − N b Z m Z krn a d en t m c hm Z kk o d qn u rj hsd r v hsg Z
0 7 / | L − N − L a n m c Z m f kd + v g hb g Z qd rx m sg d rhyd c t m c d q g hf g
o qd rrt qd + en q hm rsZ m b d + A U R < 2 -7 4 hm A Z HqN 2 +

1 0 2 -6 6 hm
A Z Q t N 2 +
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shkshm f n e N r− N − N r qd l Z hm r Z s 0 7 / | hm sg d sg qd d o g Z rd r
sg qn t f g n t s sg d d m shqd sd l o d qZ st qd qZ m f d eqn l 0 / / sn 3 / / J -
S g d S ’ O 3 . l l l ( Z m c Q ’ P 2 l̅ ( o d qn u rj hsd rsqt b st qd r c n m n s
a d kn m f sn sg d rt a f qn t o c d qhu d c eqn l n b sZ g d c qZ k shkshm f - S g d
t m hs b d kk u n kt l d c d b qd Z rd r rl n n sg kx sg qn t f g sg d o g Z rd
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