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8 c c hm f m n m W c r n qa hm f o n kx l d qr sn g W qc l hb qn r o g d qd c hr o d qr hn m r f d m d qW sd r n r l n shb c d o kd shn m W ssqW b shn m r sg W s
b W m a d p t W m shsW shu d kx o qd c hb sd c W m c c d r hf m d c sn l W m ho t kW sd b n kkn hc W k o g W r d a d g W u hn q- H g d sg d q c d o kd shn m c d ,
r b qha d c a x b kW r r hb W k sg d n qhd r hr sg d l d b g W m hr l en q o n kx l d q,l d c hW sd c m W m n r o g d qd W ssqW b shn m r hr kd r r d u hc d m s- A n k,
kn hc W k g W qc m W m n r o g d qd r W m c m n m W c r n qa hm f o n kx l d qr W qd b g W kkd m f hm f sn qd W khy d f hu d m sg d c hu d qr d hm sd qW b shn m r
sx o hb W kkx o qd r d m s hm m W m n o W qshb kd c hr o d qr hn m r - E d qd  v d t r d r l W kk,W m f kd w ,qW x r b W ssd qhm f sn W r r d r r v g d sg d q sg d c d ,
o kd shn m l d b g W m hr l g n kc r W s sg d m W m n r b W kd  kd u d qW f hm f W qd b d m s fi m c hm f sg W s t m b g W qf d c  n kd W sd ,b W o o d c hm c ht l
n w hc d m W m n b qx r sW kr d w g ha hs m d W qz g W qc ,r o g d qd hm sd qW b shn m r hm sn kt d m d - A kW r r hb W k l n c d khm f n e o n kx r sx qd m d c d o kd sW m s
W r o d m d sqW a kd r o g d qd r o qd c hb sr c d o kd shn m ,hm c t b d c o g W r d a n t m c W qhd r  m W m n b qx r sW k r d b n m c n r l n shb u hqhW k b n d ffi ,
b hd m sr  W m c b n kkn hc W k r sqt b st qhm f hm W f qd d l d m s v hsg d w o d qhl d m sr en q o n kx l d q qW c hh n e f x qW shn m t o sn 0 . n e sg d
m W m n b qx r sW k qW c ht r -C w o d qhl d m sW kkx n a r d qu d c v d W i d m hm f n e c d o kd shn m hm sd qW b shn m r en q kW qf d q o n kx l d q,sn ,m W m n b qx r sW k
r hy d qW shn r p t W khsW shu d kx en kkn v r sg d n qd shb W k o qd c hb shn m r sg W s W b b n t m s en q g n v o n kx l d q o g x r hb r hm – t d m b d r c d o kd sW m s
hm sd qW b shn m r -

HM S P N C T B S HN M
L t kshb n l o n m d m s b n l o kd w fl t hc r ed ] st qd c hu d qrd hm sd q] b shn m r sg ] s c d ,
sd ql hm d sg d hq ] rrd l a kx n t sb n l d r) eqn l b kt rsd qhm f ] m c f d k] shn m sn
l ] b qn rb n o hb o g ] rd en ql ] shn m - Hm rn kt shn m r b n m s] hm hm f v d ] j kx hm sd q,
] b shm f b n kkn hc r ] m c o n kx l d qr) d w b kt rhn m n e o n kx l d qr eqn l sg d f ] o r
a d sv d d m b kn rd kx ro ] b d c b n kkn hc r b qd ] sd r ] m n rl n shb o qd rrt qd hl a ] k,
] m b d sg ] s l ] m hed rsr ] r ] m hm sd qb n kkn hc c d o kd shn m ] ssq] b shn m - R t b g c d ,
o kd shn m ] ssq] b shn m r ] qd d m sqn o hb ] kkx c qhu d m ) qd fl d b shm f sg d hm b qd ] rd c
c d o kd s] m s b n m fi f t q] shn m r ] u ] hk] a kd v g d m b n kkn hc r ] qd m d ] q b n m s] b s) ] r
c d rb qha d c a x sg d b k] rrhb ] k 9 r] j t q] ,N n r] v ] ,U qhi ’9 N U ( l n c d k ’0 “
3 (- O n kx l d q b n m b d m sq] shn m ] m c o n kx l d q,sn ,b n kkn hc rhy d q] shn ) l ) sn ,
f d sg d q rd s sg d rsqd m f sg ] m c q] m f d n e c d o kd shn m hm sd q] b shn m r ] m c g ] u d
o qn u hc d c d w o d qhl d m s] k g ] m c kd r en q l n c hex hm f sg d rsq t b st qd ] m c
o qn o d qshd r n e c d o kd shn m ,c qhu d m b n kkn hc ] k m d sv n qj r hm b kt c hm f hm n q,
f ] m hb m ] m n b q x rs] k ’M B ( rt o d qk] sshb d r ’4 “ 7 ( ] m c b n kkn hc ] k f d kr ’8 “ 0 3 ()
b d kkt k] q l ] sqhb d r ’0 4 ) 0 5 () ] m c d l t krhn m r ’0 6 ) 0 7 (-  n t f g p t ] m shs] ,
shu d o qd c hb shn m r n e c d o kd shn m hm sd q] b shn m r en q l hb qn l d sd q,rb ] kd b n k,
kn hc r ] qd ] u ] hk] a kd sn f t hc d c d rhf m ] m c t m c d qrs] m c hm f ) p t d rshn m r
] a n t s sg d ] o o khb ] a hkhsx n e sg d rd b n m b d o sr ] s sg d m ] m n rb ] kd qd l ] hm -

E n q l hb qn l d sd q,rhy d c b n kkn hc r) ] sn l hb en qb d l hb qn rb n o x ’0 8 ( ] m c
n o shb ] k sv d d y d qr ’1 . ) 1 0 ( g ] u d b n m fi ql d c sg ] s c hrs] m b d ,c d o d m c d m s
c d o kd shn m en qb d r l ] sb g sg n rd n e sg d 9 N U o ] hq o n sd m sh] k-  d ql n c x ,
m ] l hb ] m c rs] shrshb ] k l d b g ] m hb ] k l n c d kr a ] rd c n m sg hr b k] rrhb ] k o hb ,
st qd ) v g hb g ] rrt l d r hc d ] k c d o kd s] m sr hm sd q] b s ] r o d m d sq] a kd ro g d qd r)
] b b t q] sd kx c d rb qha d n a rd q u d c c d o kd shn m ,hm c t b d c b n kkn hc ] k o g ] rd a d ,
g ] u hn q) d rs] a khrg hm f ] l d b g ] m hrshb en t m c ] shn m en q rsqt b st qd ] m c
o qn o d qsx o qd c hb shn m ’3 ) 1 1 “ 1 5 (- D w o d qhl d m s] k u ] khc ] shn m n e o n kx l d q,
hm c t b d c c d o kd shn m ] ssq] b shn m r a d sv d d m m ] m n o ] q shb kd r g ] r o qn u d m
l n qd b g ] kkd m f hm f -  d k] b j n e ] b kd ] q rd o ] q] shn m n e kd m f sg rb ] kd r a d ,
sv d d m m ] m n o ] qshb kd r ] m c sg d hq rt qe] b d khf ] m c r) sg d c d o kd s] m sr) sg d c d o kd ,
s] m s o d qrhrsd m b d kd m f sg ) ] m c sg d rn ku d m s l n kd b t kd r u hn k] sd r rhl o khex hm f

] rrt l o shn m r t m c d qkx hm f sg d b k] rrhb ] k l n c d kr- E n q 0 . ,m l m ] m n o ] q,
shb kd r) sg d rg n qs o n kx l d q b g ] hm r qd p t hqd c en q c d o kd s] m s,sn ,o ] qshb kd
rhy d q] shn r hm sg d b n kkn hc ] k khl hs ’k < . 4 ( hm sqhm rhb ] kkx g ] u d l n qd qd ,
o t krhu d d ff d b shu d hm sd q] b shn m r ’1 6 ) 1 7 ( sg ] m sg d k] qf d q o n kx l d qr t rd c
v hsg l hb qn l d sd q,rhy d c b n kkn hc r-  d n qd shb ] k ] o o qn ] b g d r sg ] s hm b n q,
o n q] sd o n kx l d q o g x rhb r n e sg d c d o kd s] m s l n kd b t kd r g ] u d g d ko d c q] ,
shn m ] khy d g n v c d o kd shn m ,hm c t b d c m ] m n o ] qshb kd o g ] rd a d g ] u hn q c hff d qr
eqn l o qd c hb shn m r a ] rd c n m b k] rrhb ] k ] o o qn ] b g d r ’1 8 “ 2 1 (- Hm sd qqn f ] ,
shn m n e sg d ql n c x m ] l hb ] m c rsqt b st q] k b n m rd p t d m b d r n e m ] m n rb ] kd
c d o kd shn m hm sd q] b shn m r hr ] krn o n rrha kd u h] khf g s rb ] ssd qhm f ] m c rl ] kk,
] m f kd w ,q] x rb ] ssd qhm f ’R 9 W R ( ] m ] kx rhr ’2 2 “ 2 4 (- G n v d u d q) hrn k] shm f
sg d b n m sqha t shn m r eqn l c d o kd shn m hr o qn a kd l ] shb en q l n rs m ] m n o ] q,
shb kd r c t d sn t m b d qs] hm sx ] a n t s sg d hm fl t d m b d r n e m n m ro g d qhb ] k rg ] o d )
o n kx c hro d qrhsx) n q sg d o qd rd m b d n e n sg d q b n m en t m c hm f hm sd q] b shn m r-
R sqn m f b n m b kt rhn m r qd f ] qc hm f sg d qn kd n e c d o kd shn m hm sd q] b shn m r ] s sg d
m ] m n rb ] kd qd p t hqd d w o d qhl d m s] k hm u d rshf ] shn m n e rg ] o d , ] m c rhy d ,
t m hen ql b n kkn hc ] k m ] m n o ] qshb kd r sg ] s a d g ] u d ] r d ff d b shu d g ] qc ,ro g d qd
b n kkn hc r v g d m c hro d qrd c hm ] c d o kd s] m s,eqd d rn ku d m s-

P d b d m skx) N en rt c rtU k ’2 5 ( t rd c ] b n l a hm ] shn m n e c x m ] l hb khf g s
rb ] ssd qhm f ’C K R () R 9 W R ) ] m c rd b n m c n rl n shb u hqh] k b n d ffi b hd m s ] m ] kx ,
rhr sn d rs] a khrg sg ] s rt a “ 1 . ,m l n kd ] sd khf ] m c ,b ] o o d c hm c ht l n w hc d
’Hm 1 N 2 ( M B r c hro d qrd c hm sn kt d m d ] qd rs] a hkhy d c a x qd o t krhu d d ff d b shu d
hm sd q] b shn m r sg ] s ] qd v d kk ] o o qn w hl ] sd c a x ] g ] qc ,ro g d qd o n sd m sh] k-
B n m rhrsd m s v hsg l n kd b t k] q rhl t k] shn m r n e n sg d q b n kkn hc ] k M B c hro d q,
rhn m r) sg d u ] m c d q V ] ] kr ] ssq] b shn m r ] qhrhm f eqn l sg d o n k] qhy ] a hkhsx n e
sg d hm n qf ] m hb M B b n qd r v d qd c d sd ql hm d c sn a d m d f khf ha kd b n l o ] qd c
sn e] u n q] a kd khf ] m c ,rn ku d m s ] ssq] b shn m r ’2 5 “ 2 8 (-  d k] ssd q hm sd q] b ,
shn m r ] krn n u d qb ] l d v d ] j d q khf ] m c ,khf ] m c u ] m c d q V ] ] kr ] ssq] b shn m r
sn x hd kc ] m d s g ] qc ,ro g d qd hm sd q] b shn m a d sv d d m M B r-  hr hm sd q] b shn m
b n t kc a d b g ] q] b sd qhy d c a x ] rhm f kd o ] q] l d sd q) sg d sg d ql n c x m ] l hb
M B c h] l d sd q) σ C N ) b n l o qhrhm f sg d hm n qf ] m hb b n qd o kt r ] m M B rhy d ,
hm c d o d m c d m s b n m sqha t shn m eqn l sg d rt qqn t m c hm f khf ] m c rg d kk-  d
d ff d b shu d g ] qc ,ro g d qd hm sd q] b shn m r d rs] a khrg d c a x sg d d w b kt c d c u n k,
t l d n e sg d rn ku d m s,c hro d qrd c Hm 1 N 2 M B r l ] hm s] hm r b n kkn hc ] k rs] a hkh,
sx hm c d fi m hsd kx ’2 5 (-

A t hkc hm f n m sg d rd qd rt ksr) g d qd v d t rd R 9 W R ] m c rd b n m c n rl n shb
u hqh] k b n d ffi b hd m s ] m ] kx rhr sn hm u d rshf ] sd g n v sg d ] c c hshn m n e o n kx rsx qd m d
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’O R ( sn Hm 1 N 2 M B c hro d qrhn m r hm sn kt d m d hm c t b d r c d o kd shn m ,l d c h] sd c
b g ] m f d r sn b n kkn hc ] k rsqt b st qhm f ) hm sd q] b shn m r) ] m c o g ] rd a d g ] u hn q-
V d b n m rhc d q o n kx l d q b n m b d m sq] shn m r t o sn sg d n u d qk] o b n m b d m sq] shn m
’. > T > T ) ( ] m c d w ] l hm d M B c h] l d sd qr ] m c O R l n kd b t k] q v d hf g sr
sg ] s ro ] m o n kx l d q,sn ,b n kkn hc q] shn r hm sg d q] m f d k . > k > 0) v g d qd

k . = 1 =
√

2 − 0 ≈ . 0 4 3 hr sg d sg qd rg n kc a d kn v v g hb g d ff d b sr n e o n kx ,
l d qr b ] m a d qhf n qn t rkx l ] o o d c sn ] m d ff d b shu d b n kkn hc ] k o ] hq o n sd m sh] k
’3 . (-  d d w o d qhl d m s] k c ] s] en q sg d o g ] rd a n t m c ] qhd r ] m c sg d rd b n m c
n rl n shb u hqh] k b n d ffi b hd m sr hm c hb ] sd sg ] s b k] rrhb ] k l n c d kr u ] khc ] sd c en q
l hb qn l d sd q,rhy d c b n kkn hc r b ] m qd kh] a kx c d rb qha d sg d d ff d b sr n e c d o kd shn m
hm sd q] b shn m r ] s sg d m ] m n rb ] kd en q o n kx l d q,sn ,b n kkn hc rhy d q] shn r hm sg d
b n kkn hc khl hs ’k > . 4 ( ] m c d u d m t o sn k ≈ . 7 - Hm sg d zd p t ] k,rhy d c – ] m c
k] qf d l qd f hl d ) c d o kd s] m s o n kx l d q o g x rhb r o k] x r ] m hm b qd ] rhm f kx b n m rd ,
p t d m sh] k qn kd )] m c sg d c d o kd shn m ] ssq] b shn m hr l t b g v d ] j d q sg ] m o qd c hb sd c
] rrt l hm f hc d ] k) o d m d sq] a kd ,ro g d qd c d o kd s] m sr- 9 m ] kx rhr n e d w o d qhl d m s] k
b n kkn hc ] k rsqt b st qd e] b sn qr rg n v r sg ] s sg d hc d ] k c d o kd s] m s l n c d k t m c d q,
o qd c hb sr sg d d ff d b sr n e c d o kd shn m ] ssq] b shn m r ] s kn v d q l ] m c n u d qd rsh,
l ] sd r sg d hq d ff d b sr ] s g hf g d q l ) sqd m c r sg ] s b ] m a d q] shn m ] khy d c a x sg d
l n kd b t k] q m ] st qd n e o n kx l d q c d o kd s] m sr sg ] s v d ] m shb ho ] sd ] qd f d m d q] k
sn o n kx l d q,l d c h] sd c c d o kd shn m hm sd q] b shn m r ] s sg d m ] m n rb ] kd - A x hm sd ,
f q] shm f b n l o ] qhrn m r n e sg d n qx ] m c d w o d qhl d m s ] b qn rr o g ] rd a d g ] u hn q)
m d s b n kkn hc ] k hm sd q] b shn m r ’] rrd rrd c u h] sg d rd b n m c u hqh] k b n d ffi b hd m s()
] m c rsqt b st qd ) sg d rd qd rt ksr ] c u ] m b d sg d t m c d qrs] m c hm f n e b n kkn hc ] k
c d o kd shn m hm sd q] b shn m r ] s rb ] kd r qd kd u ] m s en q rx m sg d shb M B r ] m c a hn l n k,
d b t kd r hm b kt c hm f o qn sd hm r ] m c m t b kd hb ] b hc b n l o kd w d r-

P D R T K S R
N kd ] sd ,b ] o o d c Hm 1 N 2 M B r sg ] s hm sd q] b s u h] g ] qc ,ro g d qd “ khj d d ff d b shu d
o ] hq o n sd m sh] kr v g d m c hro d qrd c hm sn kt d m d v d qd rx m sg d rhy d c ] r c d ,
rb qha d c d krd v g d qd ’2 5 ( t rhm f ] l n c hfi d c rkn v ,hm id b shn m l d sg n c ’3 0 (-
 d hm id b shn m u n kt l d v ] r b n m sqn kkd c sn o qn c t b d a ] sb g d r n e b n kkn hc r
v hsg ] q] m f d n e c h] l d sd qr ] m c m ] qqn v rhy d c hrsqha t shn m r- A qhf g s,fi d kc
rb ] m m hm f sq] m rl hrrhn m d kd b sqn m l hb qn rb n o x ’R S D L ( ] m c R 9 W R ] m ] k,
x rhr b n m fi ql d c sg ] s sg d M B r g ] u d p t ] rhro g d qhb ] k l n qo g n kn f x ] m c
kn v rhy d o n kx c hro d qrhsx ’E hf - 0 ) 9 ] m c A ) ] m c fi f - R 0 (- M B en ql e] b sn qr
M +c ( l d ] rt qd c a x R 9 W R v d qd v d kk c d rb qha d c a x ] m ] m ] kx shb ] k ro g d qh,
b ] k l n c d k v hsg b n qd c h] l d sd qr ’6 m k < σ a n pd < 0 1 m k () ] b b n t m shm f
en q ] rl ] kk ’< 8 % ( rs] m c ] qc c d u h] shn m hm c h] l d sd q en q d ] b g r] l o kd -
 hr M B rhy d q] m f d v ] r s] qf d sd c sn l hshf ] sd l t ksho kd rb ] ssd qhm f d e,
ed b sr eqn l sg d M B b n qd r v g hkd rshkk o qn c t b hm f M B rsqt b st qd e] b sn qr
R +c ( v g n rd l ] hm b n m b d m sq] shn m ,c d o d m c d m s ed ] st qd r n b b t q ] s v ] u d
m t l a d qr sg ] s b ] m a d o qn a d c t rhm f n t q hm ,g n t rd R 9 W R hm rsqt l d m s
’2 5 ) 3 1 (- E n q M B r n e d ] b g rhy d σ a n pd ] m c ] rd qhd r n e M B b n qd u n kt l d
eq] b shn m r Φ ) R +c ( v ] r d w sq] b sd c eqn l sg d M B rb ] ssd qhm f b qn rr rd b shn m
t rhm f sg d en ql e] b sn q ] m c b n l o ] qd c sn rsqt b st qd e] b sn qr o qd c hb sd c a x
sg d d w ] b s rn kt shn m n e sg d O d qb t r,X d u hb j hm sd f q] k d p t ] shn m en q g ] qc
ro g d qd r ’E hf - 0 B ] m c fi f - R 1 ( ’3 2 (- 9 r d w o k] hm d c a d kn v ) ] m c b n m rhrsd m s
v hsg d ] qkhd q n a rd q u ] shn m r ’2 5 () sg d rhl hk] qhsx a d sv d d m sg d d w o d qhl d m ,
s] k ] m c o qd c hb sd c rsqt b st qd e] b sn qr o qn u hc d r d u hc d m b d rt o o n qshm f sg d
] o o qn w hl ] sd g ] qc ,ro g d qd m ] st qd n e sg d hm sd q] b shn m r a d sv d d m n kd ] sd ,
b ] o o d c Hm 1 N 2 M B r c hro d qrd c hm sn kt d m d -

 d rsqt b st qd e] b sn q n e ] g ] qc ,ro g d qd M B c hro d qrhn m c d o d m c r n m kx

n m M B u n kt l d eq] b shn m Φ H B = π σ 2
C N
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b n d ffi b hd m s) C N
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= 1 π
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- d M B q] c ht r σ C N ] m c u n kt l d
eq] b shn m Φ H B qd fl d b s sg d b n l a hm d c rhy d n e sg d M B b n qd ] m c khf ] m c rg d kk

] m c v hkk a d t rd c sg qn t f g n t s sg d o ] o d q sn q] shn m ] khy d sg d n a rd q u d c
o g ] rd a d g ] u hn q ] m c c d o kd s] m s,hm c t b d c hm sd q] b shn m r- E n q M B r] l o kd r
hm sg hr rst c x ’v hsg n q v hsg n t s ] c c d c O R () v d d w sq] b sd c sg d rd b n m c
n rl n shb u hq h] k b n d ffi b hd m s 1 eqn l ] R 9 W R ] m ] kx rhr-  d n rl n shb
b n l o qd rrha hkhsx n e ] m M B c hro d qrhn m hr qd k] sd c sn sg d y d qn v ] u d m t l a d q
rsq t b st qd e] b sn q + Sl ρ = (S = β 0 + ( = ρ ) v g d qd hr sg d M B n r,

l n shb o qd rrt qd ) ρ hr sg d M B m t l a d q c d m rhsx) β = c 9 S
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) c 9 hr sg d

A n ksy l ] m m b n m rs] m s) ] m c S hr sd l o d q] st qd ’2 5 ) 3 3 (- R sqt b st qd e] b sn qr
] qd d w o d b sd c sn rg n v p t ] c q] shb a d g ] u hn q m d ] q e  +  . ’3 4 () ] m c sg t r)
9 ’. ( v d qd c d sd ql hm d c a x fi sshm f ] p t ] c q] shb et m b shn m sn R +c ( c ] s] ] s
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shn m r) ] u hqh] k d w o ] m rhn m n e x hd kc r
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] m c d w g ha hs l n qd qd o t krhu d d ff d b shu d b d m sd q,n e,l ] rr hm sd q] b shn m r v hsg
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rsqd m f sg d m r sg d c d o kd s] m s,l d c h] sd c b n kkn hc ] k ] ssq] b shn m ) t kshl ] sd kx
c qhu hm f l ] b qn rb n o hb o g ] rd rd o ] q] shn m hm sn ] c hkt sd ] m c ] b n m b d m ,
sq] sd c b n kkn hc ] k fl t hc n q n qc d qd c rn khc o g ] rd - S n ] rrd rr v g d sg d q c d ,
o kd shn m ] ssq] b shn m r ] qd qd ro n m rha kd en q sg d d w o d qhl d m s] kkx n a rd q u d c
o g ] rd sq] m rhshn m r) v d fi qrs sd rsd c v g d sg d q l n c d kr en q c d o kd shn m sg d q,
l n c x m ] l hb r b ] m o qd c hb s sg d a n t m c ] q x a d sv d d m rhm f kd , ] m c sv n ,
o g ] rd qd f hn m r n m sg d o g ] rd c h] f q] l - V d t rd c b k] rrhb ] k eqd d u n kt l d
sg d n q x ’E U S ( ’1 2 )  1 3 () v g hb g sqd ] sr b n kkn hc r ] m c c d o kd s] m sr ] r
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o d m d sq] a kd - T rhm f ] rd l hf q] m c b ] m n m hb ] k eq] l d v n qj sg ] s ] b b n t m sr
en q sg d ro ] b d ] b b d rrha kd sn sg d c d o kd s] m s ro g d qd b d m sd qr ] m c t m d p t ] k
c d o kd s] m s o ] qshshn m hm f a d sv d d m b n d w hrshm f b n kkn hc o g ] rd r) E U S g ] r
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K n qd m sy hZ m fi sr hm sg d kn v ,i qd f hn m sn d r shl Z sd R +. (- ’B ( R +. (− 0 − 0 u d qr t r M B m t l a d q c d m r hsx ρ en q u Z qx hm f R = R ) Z s k = . 4 4 - A kt d r x l a n kr ’. ≤ R = R ) ≤ . 0 ( qd o qd r d m s qd o t kr hu d

M B hm sd qZ b shn m r* v g hkd qd c c Z sZ o n hm sr ’. 2 ≤ R = R ) ≤ . 4 ( hm c hb Z sd Z ssqZ b shu d M B hm sd qZ b shn m r- A kZ b j khm d r Z qd khm d Z q fi sr* v hsg r kn o d 1 1 -
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5 n e 0 /

n e sg d rhm f kd ,o g ] rd fl t hc rs] sd o n hm sr qd o n qsd c g d qd ’E hf r- 0 B ) 2 A ) ] m c
4 ) A ] m c B ] m c fi f r- R 1 ) R 2 ) R 5 sn R 0 . ) ] m c R 1 0 sn R 2 . (- Hm rsd ] c ) n t q
] m ] kx rhr d w ] l hm d r g n v c d o kd shn m ] ssq] b shn m r hm fl t d m b d sg d o n rhshn m
n e sg d rsqt b st qd e] b sn q r o qhl ] q x o d ] j c k U w a x u ] q x hm f qd c t b d c o n kx ,
l d q b n m b d m sq] shn m B= B ) en q u ] qhn t r fi w d c o n kx l d q,sn ,M B rhy d q] shn r
l - G n v l l n c hfi d r sg d rg ] o d n e 9 ’e ( ] s ] b n m rs] m s ] ssq] b shn m rsqd m f sg
hr ] krn d w o kn qd c -

 d ] c c hshn m n e c d o kd s] m s kd ] c r sn ] b n l l n m rsqt b st q] k d u n kt shn m
] r B= B ) hm b qd ] rd r) d u hc d m s hm 9 ’e ( en q ] kk M B c hro d qrhn m r rst c hd c - 9
o qhl ] q x o d ] j ) kn b ] sd c ] s c k U w ≈ 1 π = σ C N ) b n qqd ro n m c hm f sn hm sd qo ] q,
shb kd rd o ] q] shn m r n e 1 π = c k U w ≈ σ C N ’fi qrs,b n n qc hm ] shn m rg d kk n q zb ] f d–
o ] qshb kd r() a d b n l d r l n qd o qn m n t m b d c ) ] b b n l o ] m hd c a x ] c d d o d m hm f
b n qqd k] shn m v d kk ] s kn v d q e ] m c ] qhrd hm 9 ’e ( ] r c . - E n q ] kk l u ] kt d r)
c k U w hm b qd ] rd r l n c d rskx v hsg B= B ) ’E hf - 4 9 () rt f f d rshm f sg ] s sg d
rg n qs,q] m f d ) kn b ] kkx n qc d qd c d m u hqn m l d m s ] qn t m c sg d M B r c q] v r
b kn rd q hm qd ro n m rd sn hm b qd ] rhm f c d o kd shn m ] ssq] b shn m r ’5 6 (- 9 N U o qd ,
c hb shn m r a ] rd c n m sg d qd c t b d c o n kx l d q b n m b d m sq] shn m ) B= B ) ) l ] sb g
sg d d w o d qhl d m s] k c k U w u ] kt d r v hsg hm ] 6 4 b n m fi c d m b d hm sd q u ] k) d u d m
en q g hf g l v g d qd d w o d qhl d m s] k )

1
u ] kt d r c d u h] sd rsqn m f kx eqn l sg d

9 N U l n c d k ’E hf - 4 ] m c fi f r- R 1 0 sn R 2 . (-  hr b kn rd l ] sb g a d sv d d m
d w o d qhl d m s] k ] m c 9 N U c k U w rt f f d rsr sg ] s sg d b g ] q] b sd qhrshb rd o ] q] ,
shn m c hrs] m b d c d qhu d c eqn l sg d o qhl ] q x o d ] j n e 9 ’e ( hr kd rr rd m rhshu d
sg ] m 9 ’. ( ’n q 1 ( sn sg d o n kx l d qhb o g x rhb r n e sg d c d o kd s] m s ] m c hsr
hl o ] b s n m c d o kd s] m s,c d o kd s] m s ] m c c d o kd s] m s,M B hm sd q] b shn m r-

B n l o ] qhrn m n e sg d rg ] o d n e sg d d w o d qhl d m s] k R +c ( sn sg ] s n e sg d
9 N U l n c d k qd u d ] kr c d u h] shn m r eqn l sg d rsqt b st qd o qd c hb sd c a x 9 N U

m n s ] o o ] qd m s hm sg d ] m ] kx rhr n e c k U w c d o d m c d m b hd r n m B= B ) ] m c l - E n q
hm sd ql d c h] sd l  +  . -4 4 ) ] s sg d b qn rrn u d q a d sv d d m sg d b n kkn hc ] k khl hs
] m c sg d d p t ] k,rhy d c qd f hl d ) v d n a rd q u d d w b d kkd m s ] f qd d l d m s a d ,
sv d d m d w o d qhl d m sr ] m c 9 N U o qd c hb shn m r ] b qn rr B= B ) v hsg n t s ] c it rs,
] a kd o ] q] l d sd qr ’E hf - 4 A () b ] o st qhm f a n sg sg d o qhl ] q x b n qqd k] shn m
o d ] j ] m c sg d kn v e a d g ] u hn q- B n l o ] qhm f d w o d qhl d m s] k ] m c 9 N U
R +c ( ] b qn rr c hff d qd m s l ] m c B= B ) rd kd b sd c sn l ] hm s] hm sg d r] l d d w ,
o d qhl d m s] k o ] hq v hrd ] ssq] b shn m rsqd m f sg ’ )

1
≃ . . 0() g n v d u d q) qd ,

u d ] kr c d u h] shn m r ’E hf - 4 B () it rs ] r v d r] v c d u h] shn m r hm )
1
sqd m c r v hsg

B= B ) en q l u ] kt d r m d ] q sg d t o o d q ] m c kn v d q d m c r n e sg d q] m f d v d
rst c hd c ’E hf - 3 (- N m sg d a ] rhr n e sg d sg d n q x ,d w o d q hl d m s 9 ’e ( b n l ,
o ] q hr n m r) sg d 9 N U l n c d k rt a rs] m sh] kkx n u d qd rshl ] sd r sg d ] ssq] b ,
shn m r o qd r d m s ] s k ≈ 0 ) v g d qd sg d ro d b hfi b r n e sg d qd ] k hm sd q] b shn m r
] l n m f o n kx l d qr ] m c a d sv d d m o n kx l d qr ] m c o ] q shb kd r a d b n l d hl ,
o n q s] m s-  d 9 N U l n c d k ] kr n l hkc kx t m c d q o qd c hb sr sg d ] ssq] b ,
shn m r ] s kn v l - 9 r c hr b t rr d c ] a n u d ) sg hr c d u h] shn m l ] x a d a d b ] t r d
sg d kn v ,l khl hs en q m ] m n r b ] kd b n kkn hc r b ] m n m kx a d qd ] khy d c v hsg
rg n q s b g ] hm r- R g n q s,o n kx l d q c d o kd s] m sr) a d b ] t r d n e sg d hq qd c t b d c
fl d w ha hkhsx ] m c rsqn m f d q hm sd qb g ] hm d ff d b shu d qd o t krhn m r) l ] x a d
l n qd d ff d b shu d c d o kd s] m sr sg ] m hc d ] k) hm sd q o d m d sq] a kd ro g d qd r v hsg
sg d r] l d P e -

C HR B T R R HN M
C d o kd shn m hm sd q] b shn m r a d sv d d m l hb qn l d sd q,rb ] kd b n kkn hc r g ] u d a d d m
d w sd m rhu d kx b g ] q] b sd qhy d c a x ] b n l a hm ] shn m n e sd b g m hp t d r hm b kt c hm f
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6 n e 0 /

n o shb ] k sv d d y d qr ] m c l hb qn rb n o x) ] sn l hb en qb d l hb qn rb n o x) ] m c khf g s
rb ] ssd qhm f -  d kd m f sg rb ] kd r o qd rd m s hm rt b g rx rsd l r” sg d rn ku d m s) sg d
o n kx l d q c d o kd s] m sr) ] m c sg d b n kkn hc r” ] qd v d kk rd o ] q] sd c eqn l d ] b g
n sg d q-  hr rd o ] q] shn m kd ] c r sn rhl o khex hm f ] rrt l o shn m r en t m c ] shn m ] k
sn b k] rrhb ] k c d o kd shn m hm sd q] b shn m sg d n qhd r) v g n rd o qd c hb shn m r g ] u d
a d d m d w sd m rhu d kx u ] khc ] sd c a x d w o d qhl d m s- n t f g sg d qd ] qd n o d m p t d r,
shn m r n m g n v n sg d q sx o d r n e hm sd q] b shn m r a d sv d d m l hb qn l d sd q,rb ] kd
b n kkn hc r b n l a hm d v hsg n q l n c hex c d o kd shn m hm sd q] b shn m r ’3 () sg d k] ssd q
g ] u d a d b n l d ] m hm sd f q] k o ] qs n e sg d rd ke,] rrd l a kx sn n kj hs- L ] j hm f
rhl hk] q rsqhc d r en q t m c d qrs] m c hm f ] m c kd u d q] f hm f c d o kd shn m hm sd q] b shn m r
sn c hqd b s ] rrd l a kx n e m ] m n rb ] kd b n kkn hc r n q a hn kn f hb ] k l n kd b t kd r khj d
o qn sd hm r) v g d qd sg d rd o ] q] shn m n e rb ] kd r hr kd rr d u hc d m s) v n t kc qd o qd ,
rd m s ] et m c ] l d m s] k ] c u ] m b d v hsg b n m rhc d q] a kd o q] b shb ] k hl o khb ] shn m r-
9 ksg n t f g sg d qd hr ] kqd ] c x ] l o kd d u hc d m b d n e c d o kd shn m ,khj d hm sd q] b ,
shn m r a d sv d d m b n kkn hc r v hsg c h] l d sd qr n e 0 . m l ] m c rl ] kkd q) sd rsr sg ] s
d m ] a kd sg d j hm c n e l d b g ] m hrshb t m c d qrs] m c hm f m d d c d c en q hm sd qo qd ,
s] shn m ] m c c d rhf m g ] u d a d d m l n qd b g ] kkd m f hm f sn ] c u ] m b d c t d sn
khl hs] shn m r n e m ] m n rb ] kd b g ] q] b sd qhy ] shn m sn n kr ] m c ] k] b j n e l n c d k
m ] m n rhy d c b n kkn hc r v hsg t m hen ql rhy d ] m c rg ] o d ] m c m d t sq] k ’d -f -)
g ] qc ,ro g d qd “ khj d ( hm sd q] b shn m r- G d qd ) v d g ] u d s] j d m ] c u ] m s] f d n e ]
qd b d m s c hrb n u d q x sg ] s t m b g ] qf d c ) n kd ] sd ,b ] o o d c Hm 1 N 2 M B r v hsg kn v
o n kx c hro d qrhsx d w g ha hs m d ] q“ g ] qc ,ro g d qd “ khj d hm sd q] b shn m r v g d m c hr,
o d qrd c hm sn kt d m d ’2 5 () ] kkn v hm f sg d l sn rd q u d ] r ] l n c d k b n kkn hc en q
sd rshm f sg d ] o o khb ] a hkhsx n e b k] rrhb ] k c d o kd shn m sg d n qhd r ] s sg d m ] m n rb ] kd -

V d p t ] m shs] shu d kx b g ] q] b sd qhy d c c d o kd shn m ,l d c h] sd c b n kkn hc ] k rsqt b ,
st qd ] m c hm sd q] b shn m r n e sg d M B r v hsg O R c d o kd s] m sr hm sn kt d m d t rhm f
R 9 W R ] m c C K R - S n n u d qb n l d sg d hm c hqd b s m ] st qd n e R 9 W R ’b n l ,
o ] qd c sn n o shb ] k l hb qn rb n o x t rd c en q k] qf d q b n kkn hc r() v d b n l a hm d c
sg d ql n c x m ] l hb ] m ] kx rhr ’ )

1
( ] m c rsqt b st q] k ] m ] kx rhr Z9 ’e ([) ] m c

hm u d rshf ] sd c sqd m c r ] b qn rr u ] qhn t r o n kx l d q l n kd b t k] q v d hf g sr ] m c
M B rhy d r- V d b n m rhc d qd c ] q] m f d n e o n kx l d q,sn ,M B rhy d q] shn r
’. 0 4 > k > 0( b n l l n m sn rst c hd r n e m ] m n o ] qshb kd c hro d qrhn m r) ro ] m ,
m hm f eqn l sg d b n m u d m shn m ] k b n kkn hc khl hs sn sg d d p t ] k,rhy d c qd f hl d -
A x ] m ] kx y hm f hm sd q] b shn m r hm sg d rhm f kd ,o g ] rd qd f hl d ) kd ] c hm f t o sn

o g ] rd rd o ] q] shn m ) sg hr sx o d n e ] m ] kx rhr f n d r a d x n m c ) ] m c ] t f l d m sr)
sg d b n m u d m shn m ] k en b t r n m hm c hqd b s sd rsr n e c d o kd shn m hm sd q] b shn m r u h]
o g ] rd a n t m c ] q x ] m ] kx rhr) ] kkn v hm f t r sn hc d m shex m ] m n rb ] kd ,ro d b hfi b
khl hs] shn m r ] m c hm rhf g sr- V d rg n v sg ] s sg d b k] rrhb ] k 9 N U o hb st qd
v hsg hm sd qo d m d sq] a kd ro g d qd c d o kd s] m sr hr k] qf d kx ] c d p t ] sd en q c d ,
rb qha hm f sg d o g ] rd a n t m c ] qhd r ’o qd c hb sd c a x E U S ( ] r v d kk ] r sg d rd b ,
n m c n rl n shb u hqh] k b n d ffi b hd m sr ] m c sg d rsqt b st qd e] b sn qr hm sg d fl t hc
o g ] rd en q . 0 4 > k > . 7 -  hr ] f qd d l d m s v hsg 9 N U en q sg d b n m c h,
shn m r rst c hd c hr b n m rhrsd m s v hsg o qd u hn t r rst c hd r n e l hb qn l d sd q,rhy d c
o ] qshb kd r) v g d qd c d u h] shn m r eqn l sg d b k] rrhb ] k 9 N U o hb st qd ] qd n a ,
rd q u d c ] s g hf g d q o n kx l d q b n m b d m sq] shn m r) k] qf d q o n kx l d q,sn ,b n kkn hc
rhy d q] shn r) n q g hf g b n kkn hc u n kt l d eq] b shn m r ’1 . ) 1 5 ) 2 . ) 2 0 (-  d n m d
b ] u d ] s hr sg ] s sg d c d o kd shn m hm sd q] b shn m r en q sg d kn v d q d m c n e sg d l
q] m f d rst c hd c ] qd rsqn m f d q ] s g hf g d q o n kx l d q b n m b d m sq] shn m r sg ] m
d w o d b sd c a ] rd c n m 9 N U ) o n rrha kx c t d sn sg d khl hsd c fl d w ha hkhsx ] m c
m n m hc d ] k c d o kd s] m s,c d o kd s] m s hm sd q] b shn m r b g ] q] b sd q hrshb n e rg n q s
o n kx l d qr-  d rd qd rt ksr rt f f d rs sg ] s o n kx l d q ] qb g hsd b st qd ) hm b kt c hm f
fl d w ha hkhsx) l ] x rd q u d ] r ] m d ff d b shu d o ] q] l d sd q sn l n qd fi m d kx b n m sqn k
sg d rsqd m f sg n e c d o kd shn m hm sd q] b shn m r) d ro d b h] kkx ] s sg d m ] m n rb ] kd -

E n q k] qf d q o n kx l d q,sn ,M B q] shn r . 7 > k > 0) v d fi m c o g ] rd a n t m c ,
] qhd r) rd b n m c n rl n shb u hqh] k b n d ffi b hd m sr) ] m c rsqt b st qd e] b sn qr b n m ,
rhrsd m s v hsg ] b qn rrn u d q sn l t b g v d ] j d q c d o kd shn m hm sd q] b shn m r-  hr
a d g ] u hn q p t ] khs] shu d kx l hqqn qr v g ] s hr ] m shb ho ] sd c a x F E U S c t d sn
sg d hm b qd ] rd c hl o n qs] m b d n e sg d o n kx l d q,o n kx l d q ] m c o n kx l d q,
m ] m n o ] qshb kd hm sd q] b shn m r v g d m sg d c d o kd s] m s rhy d ] o o qn ] b g d r sg ] s n e
sg d b n kkn hc -  d sq] m rhshn m sn v d ] j d q hm sd q] b shn m r hr rg ] qo d q sg ] m hr
] m shb ho ] sd c a x F E U S ] m c g hf g khf g sr sg d b n m rd p t d m b d r n e rd kd b shm f
c hff d qd m s c d o kd s] m s rhy d r hm ] qd f hl d sg ] s hr b n l l n m kx d m b n t m sd qd c
hm m ] m n o ] qshb kd ,o n kx l d q l hw st qd r ’0 5 ) 2 1 ) 2 2 ) 5 7 (- N t q qd rt ksr ] krn
g hf g khf g s sg ] s rt a rs] m sh] k d qqn qr b ] m a d l ] c d he 9 N U hr t rd c sn c d ,
rb qha d m ] m n rb ] kd c d o kd shn m hm sd q] b shn m r en q g hf g d q rhy d q] shn r n t srhc d
hsr q] m f d n e ] o o khb ] a hkhsx-

Hm c d s] hkhm f g n v c d o kd shn m hm sd q] b shn m r l ] m hed rs hm l n c d k m ] ,
m n rb ] kd b n kkn hc r) sg d qd rt ksr n e n t q rst c x o qn u hc d ] b qt b h] k qd ed qd m b d
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E hf - 4 - C d o kd shn m ,hm c t b d c b n kkn hc Y k r spt b st phm f 9 D w o d phl d m sr Y m c : N U l n c d k o pd c hb shn m r - ’: ( O qhl Z qx o d Z j o n r hshn m r c l S w 9 − 0

eqn l @ N U l n c d k ’qd c c Z r g d c ( Z m c

eqn l r o khs,F Z t r r hZ m fi sr n e d w o d qhl d m sZ k R ’i ( o qhl Z qx o d Z j ’r x l a n kr ( u d qr t r S = S ) v hsg r x l a n k b n kn q hm c hb Z shm f p - @ kk c Z sZ Z qd en q Φ H A = . . 4 * Z m c 0 . ≤ σ D N ≤ 0 3 4 m l v hsg

u Z qx hm f B t n e O R -D qqn q a Z qr qd o qd r d m s 8 4 % b n m fi c d m b d hm sd qu Z k n e sg d r sZ m c Z qc fi sshm f d qqn qr -’A ( R sqt b st qd eZ b sn qr eqn l sg d @ N U l n c d k ’qd c c Z r g d c ( Z m c eqn l d w o d qhl d m sr

’r x l a n kr ( Z s Φ H A = . . 4 * σ D N = 0 0 7 m l * p ü+ ü/ -4 4 * Z m c . ≤ R = R ) ≤ . 4 . eqn l khf g s sn c Z qj a kt d - ’B ( R sqt b st qd eZ b sn qr eqn l sg d @ N U l n c d k ’qd c c Z r g d c ( Z m c eqn l d w o d qh,

l d m sr ’r x l a n kr ( Z s Φ H A = . . 4 * σ D N = 0 0 7 rn 0 1 3 m l * u Z qx hm f p  Z m c a .a % r d kd b sd c sn l Z hm sZ hm Z b n m r sZ m s d w o d qhl d m sZ k )
1

≃ . . 0 sn g hf g khf g s sg d p ,c d o d m c d m s c d u hZ ,

shn m r n e d w o d qhl d m sr eqn l sg d @ N U l n c d k- Hm Z kk o Z m d kr * sg d a n ssn l l n r s c Z sZ Z m c l n c d k b n qqd r o n m c sn sg d u d qshb Z k Z w hr u Z kt d r * v g hkd sg d qd r t ksr Z a n u d Z qd u d qshb Z kkx
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7 n e 0 /

rx rsd l ] m c eq] l d v n qj en q t m c d qrs] m c hm f ] m c hm sd qo qd shm f l n qd
b n l o kd w m ] m n o ] qshb kd r) khj d o qn sd hm r ’1 8 ) 2 4 ) 5 8 ) 6 . (-  hr ] o o qn ] b g
v hkk ] krn a d t rd et k en q p t ] m shs] shu d kx b g ] q] b sd qhy hm f sg d d ff d b sr n e rt q,
e] b d l n c hfi b ] shn m r) d -f -) a kn b j b n o n kx l d q v q] o o hm f ’2 1 ) 6 0 () v g hb g
b ] m d m c n v o ] qshb kd r v hsg b n m sqn kkd c b g ] qf d n q d ff d b shu d o n kx l d q f q] °
c d m rhshd r ] m c l n kd b t k] q v d hf g sr sg ] s l n c hex o n kx l d q,l d c h] sd c hm ,
sd q] b shn m r ’2 1 (-  d ] o o khb ] a hkhsx n e b k] rrhb ] k c d o kd shn m sg d n qhd r sn
c d rb qha d c d o kd shn m a x khm d ] q o n kx l d qr ] s sg d m ] m n rb ] kd ] krn q] hrd r sg d
o n rrha hkhsx n e st m hm f c d o kd s] m s b g ] hm fl d w ha hkhsx n q d u d m sn o n kn f x sn
b n m sqn k m ] m n o ] qshb kd hm sd q] b shn m r ] m c o g ] rd a d g ] u hn q ’6 1 (-

L : S D P H: K R : M C L D S G N C R
R x m sg d r hr Y m c b g Y pY b sd phy Y shn m n e M B r
Hm 1 N 2 M B r v d qd rx m sg d rhy d c n m ] R b g kd m j khm d a x l n c hex hm f ] rkn v
f qn v sg o qn b d c t qd ’3 0 (- 9 o qd b t qrn q rn kt shn m b n m s] hm hm f Hm ’HHH( ] b ,
d s] sd hm 0 . l k n e n kd hb ] b hc v ] r c d f ] rrd c t m c d q u ] b t t l en q 0 4 l hm
] s 0 0 . —B ) en kkn v d c a x ] 4 ,l hm M 1 o t qf d -  hr b x b kd v ] r c n m d ] sn s] k
n e sg qd d shl d r) ] m c g d ] sd c t m c d q M 1 sn 0 4 . —B en q 1 g n t qr-  d rn kt ,
shn m v ] r sg d m rkn v kx hm id b sd c hm sn 0 2 l k n e n kd x k ] kb n g n k ] s 1 6 . —B
t m c d q M 1 - M B rhy d v ] r u ] qhd c a x b g ] m f hm f o qd b t qrn q hm id b shn m u n k,
t l d - 9 ° d q rx m sg d rhr) M B r v d qd v ] rg d c fi u d shl d r v hsg d sg ] m n k ] m c
c hro d qrd c hm g d w ] m d - R S D L ] m c R 9 W R v d qd t rd c sn b n m fi ql sg d
l n qo g n kn f x ] m c c d sd ql hm d sg d rhy d ] m c rhy d c hrsqha t shn m - G x c qn c x ,
m ] l hb q] c hh n e sg d M B r v d qd c d sd ql hm d c eqn l C K R ] m c sg d b ] kb t ,
k] sd c o n kx l d q b n m b d m sq] shn m “ c d o d m c d m s rn kt shn m u hrb n rhsx ’6 2 (-

E U S .F E U S b Y kb t kY shn m r n e o g Y r d a n t m c Y phd r Y m c r d b n m c
n r l n shb u hphY k b n d ffi b hd m sr
Hm E U S ) ] b n kkn hc ,c d o kd s] m s c hro d qrhn m hr hm b n m s] b s v hsg ] c d o kd s] m s
qd rd q u n hq) rd o ] q] sd c a x ] l d l a q] m d sg ] s hr o d ql d ] a kd sn n m kx c d o kd ,
s] m s ] m c rn ku d m s ’1 3 (- B n kkn hc r ] qd l n c d kd c ] r g ] qc ro g d qd r) v g hkd
c d o kd s] m sr ] qd qd o qd rd m sd c ] r et kkx hm sd qo d m d sq] a kd ro g d qd r v hsg m n
hm sd qc d o kd s] m s hm sd q] b shn m r- R n ku d m s hm sd q] b shn m r ] qd n m kx hl o khb hskx
hm b kt c d c hm sg d n sg d q l n c d k o ] q] l d sd qr ’h-d -) b n kkn hc n q c d o kd s] m s c h,
] l d sd qr(-  d rd l hf q] m c o n sd m sh] k n e sg d b n kkn hc ,o n kx l d q rx rsd l hr
b n l o t sd c a x b n m rhc d qhm f sg d n rl n shb d p t hkha qht l a d sv d d m sg d o n kx ,
l d q hm sg d b n kkn hc ,o n kx l d q c hro d qrhn m ] m c sg d qd rd q u n hq-  d F E U S
d w sd m c r E U S a x hm b n qo n q] shm f o n kx l d q o qn o d qshd r hm sn sg d c d o kd s] m s,
c d o kd s] m s ] m c b n kkn hc ,c d o kd s] m s hm sd q] b shn m r- T rhm f sg d d p t ] shn m r n e
rs] sd eqn l E U S ] m c F E U S ) o g ] rd a n t m c ] qhd r ] m c rd b n m c n rl n shb
u hqh] k b n d ffi b hd m sr b ] m a d b ] kb t k] sd c sg qn t f g rs] m c ] qc sg d ql n c x m ] l ,
hb qd k] shn m r- L n qd c d s] hkr b ] m a d en t m c hm sg d R t o o kd l d m s] q x L ] sd qh,
] kr ] m c hm ’3 ) 1 5 (-

: N U l n c d k r spt b st pd eY b sn p b Y kb t kY shn m r
9 N U l n c d k rsqt b st qd e] b sn qr v d qd b n l o t sd c en q M B r hm sd q] b shm f
u h] sg d 9 N U o n sd m sh] k a x m t l d qhb ] kkx rn ku hm f sg d N qm rsd hm ,Y d qm hj d
d p t ] shn m v hsg ] o o qn w hl ] sd b kn rt qd r u h] o x O P HR L ’6 3 (- V d rhl hk] qkx
b ] kb t k] sd c rsqt b st qd e] b sn qr en q sv n ,b n l o n m d m s M B ,c d o kd s] m s rx r,
sd l r v hsg o d m d sq] a kd g ] qc ,ro g d qd c d o kd s] m sr sn b g d b j sg d ] b b t q] b x
n e t rhm f sg d d ff d b shu d 9 N U o n sd m sh] k- K ] rs) v d t rd c A qn v m h] m c x ,
m ] l hb r rhl t k] shn m r t rhm f sg d G hf g kx N o shl hy d c N a id b s,n q hd m sd c
L ] m x ,o ] qshb kd C x m ] l hb r,A kt d D c hshn m ’G N N L C ,A kt d ( rhl t k] shn m
sn n kj hs ’6 4 ) 6 5 ( sn l n c d k M B r hm sd q] b shm f u h] sg d 9 N U o n sd m sh] k ] m c
sg d G d x d r,L d kqn rd g ] qc ,ro g d qd hm sd q] b shn m o n sd m sh] k ’6 6 ( sn u ] khc ] sd
sg d ] b b t q] b x n e sg d N qm rsd hm ,Y d qm hj d rn kt shn m r sn sg d 9 N U l n c d k-
L n qd c d s] hkr ] a n t s sg d 9 N U l n c d k rsqt b st qd e] b sn q b ] kb t k] shn m r ] m c
u ] khc ] shn m r b ] m a d en t m c hm sg d R t o o kd l d m s] q x L ] sd qh] kr-

R t o o kd l d m sY p x L Y sd phY kr
S g hr O C E z kd hm b kt c d r 9

R t o o kd l d m sZ qx S d w s

E hf r- R 0 sn R 2 /

S Z a kd R 0

P D E D P D M B D R : M C M N S D R
0 - E- N n r Z v Z * R - @ r Z j t qZ * R t qeZ b d sd m r hn m n e g hf g ,o n kx l d q r n kt shn m r- I, B g d l , N g w r, 1 1 * 0 1 4 4

’0 8 4 3 (-

1 - R - @ r Z j t qZ * E - N n r Z v Z * Hm sd qZ b shn m a d sv d d m o Z qshb kd r r t r o d m c d c hm r n kt shn m r n e

l Z b qn l n kd b t kd r- I, N n kw l , R a h, 2 2 * 0 7 2 z 0 8 1 ’0 8 4 7 (-

2 - @ -U qhi* O n kx l d qr Z s hm sd qeZ b d r Z m c sg d hm sd qZ b shn m r hm b n kkn hc Z k c hr o d qr hn m r- N t qd : o o k,

B g d l , 3 7 * 3 6 0 z 3 7 2 ’0 8 6 5 (-

3 - G - M - K d j j d qj d qj d q* Q -S t hm hd q* L -U hr* B n kkn hc r U m c sg d C d o kd shn m Fm sd qU a shn m ’R o qhm f d q

M Z st qd * 1 / 1 3 (-

4 - C - A Z qZ m n u * @ - E hn qd * L -U Z m G t hr* B - F hZ m m hm h* @ - E Z kp t h* T - K Z en m s* G - Y Z m c a d qf d m *

L - Y Z m d kkZ * Q - B hm f n kZ m h* K - L Z m m Z * @ r r d l a kx n e b n kkn hc Z k r d l hb n m c t b sn q m Z m n qn c r hm

r n kt shn m a x c d o kd shn m Z ssqZ b shn m - M U m n J d ss, 0 / * 6 3 2 z 6 3 8 ’1 / 0 / (-

5 - J - K -X n t m f * L - Q - In m d r* I- Y g Z m f * Q - I- L Z b eZ qkZ m d * Q - D r p t hu d k,R hqu d m s* Q - I- M Z o * I-V t *

F - B - R b g Z sy * A - K d d * B - @ - L hqj hm * @ r r d l a kx n e qd b n m fi f t qZ a kd n m d ,c hl d m r hn m Z k b n kkn hc Z k

r t o d qkZ sshb d r c t d sn Z r x m d qf x n e et m c Z l d m sZ k m Z m n r b Z kd en qb d r- N qn a , M U sk, : a U c , R a h,

T ,R ,: , 0 / 8 * 1 1 3 / z 1 1 3 4 ’1 / 0 1 (-

6 - I- G d m y hd * L - F qö m v Z kc * @ -V hc l d q,B n n o d q* O - K - F d hr r kd q* O -X Z m f * R d ke,Z r r d l a kx n e t m hen ql

o n kx g d c qZ k r hku d q m Z m n b qx r sZ kr hm sn c d m r d r s o Z b j hm f r Z m c d w n shb r t o d qkZ sshb d r- M U s, L U sd q,

0 0 * 0 2 0 z 0 2 6 ’1 / 0 1 (-

7 - L - R - K d d * @ - @ kd w Z m c d q,J Z sy * Q - I- L Z b eZ qkZ m d * M Z m n o Z qshb kd Z r r d l a kx hm g hf g

o n kx l d q b n m b d m sqZ shn m r n kt shn m r hm b qd Z r d r r t o d qkZ sshb d r sZ a hkhsx - R l U kk 0 6 * d 1 0 / 1 0 / 6

’1 / 1 0 (-

8 - O - I- K t * I- B - B n m qZ c * G - L -V x r r* @ - A - R b g n fi d kc * C - @ -V d hsy * E kt hc r n e b kt r sd qr hm Z ssqZ b shu d

b n kkn hc r- N g w r, P d u , J d ss, 8 5 * / 1 7 2 / 5 ’1 / / 5 (-

0 / - S - N g sr t j Z * B - O - Q n x Z kk* G -S Z m Z j Z * K n b Z k r sqt b st qd Z m c c x m Z l hb r hm b n kkn hc Z k fl t hc r Z m c

f d kr- D t qn o g w r, J d ss, 7 3 * 3 5 / / 1 ’1 / / 7 (-

0 0 - O - I- K t * D - Y Z b b Z qd kkh* E - B ht kkZ * @ - A - R b g n fi d kc * E - R b hn qshm n * C - @ -V d hsy * F d kZ shn m n e o Z qshb kd r

v hsg r g n qs,qZ m f d Z ssqZ b shn m - M U st qd 3 4 2 * 3 8 8 z 4 / 2 ’1 / / 7 (-

0 1 - B - @ - R Z d y B Z a d y Z r* F - J - N m f * Q - A - IZ c qhb g * A - @ - K hm c p t hr s* @ - @ f qZ v Z k*S - L -S qt r j d ss*

C - I- L hkkhqn m * F d kZ shn m n e o kZ r l n m hb l d sZ k n w hc d m Z m n b qx r sZ kr a x o n kx l d q,hm c t b d c

c d o kd shn m Z ssqZ b shn m r- N qn a , M U sk, : a U c , R a h, T ,R ,: , 0 0 4 * 7 8 1 4 z 7 8 2 / ’1 / 0 7 (-

0 2 - B - @ - R Z d y B Z a d y Z r* Y - L - R g d ql Z m * L - O - G n v Z qc * L - M - C n l hm f t d y * R - G - B g n * F - J - N m f *

@ - L - F qd d m *S - L -S qt r j d ss* C - I- L hkkhqn m * T m hu d qr Z k f d kZ shn m n e l d sZ k n w hc d m Z m n b qx r sZ kr u hZ

c d o kd shn m Z ssqZ b shn m r- M U m n J d ss, 1 / * 3 / / 6 z 3 / 0 2 ’1 / 1 / (-

0 3 - E - R n sn ,A t r sZ l Z m sd * M - D -U Z kZ c d y ,O © qd y *X - K ht * Q - B Z r sZ í d c Z ,O qhd f n * L - K Z t qZ sh* B kt r sd qr hm

b n kkn hc Z k c hr o d qr hn m r v hsg Z r g n qs,qZ m f d c d o kd shn m Z ssqZ b shn m 9S g d ql n c x m Z l hb

hc d m shfi b Z shn m Z m c l n qo g n kn f x - I, B n kkn hc Fm sd qeU a d R a h, 5 0 7 * 3 3 1 z 3 4 / ’1 / 1 1 (-

0 4 - W - B g d m * R - I- Q n d sd qr* E - B Z u Z m m Z * I- @ ku Z qZ c n * B - Q - A Z hy * B qn v c hm f Z ksd qr e,Z b shm r d b n m c Z qx

r sqt b st qd Z m c g x c qZ shn m - B n l l t m , A hn k, 5 * 8 / / ’1 / 1 2 (-

0 5 - I- B kZ qj d * K - L d kb g d q* @ - C - B qn v d kk* E - B Z u Z m m Z * I- Q - G n t r d q* J - F qZ g Z l * @ - L - F qd d m *

I- B - R sZ b g n v hZ j *S - L -S qt r j d ss* C - I- L hkkhqn m * @ - L - Q n r Z kd r* L - C Z r* I- @ ku Z qZ c n *

L n qo g n kn f hb Z k b n m sqn k n e a t m c kd c Z b shm m d sv n qj r r t a id b s sn fi w d c ,l Z r r c d o kd shn m - I,

B g d l , N g w r, 0 5 0 * / 6 3 8 / 4 ’1 / 1 3 (-

0 6 - J - J hl * R - J hl * I- Q x t * I- Id n m * R - F - IZ m f * G - J hl * C -,F - F v d n m *V - A - Hl *X - G Z m * G - J hl *

R - P - B g n h* O qn b d r r Z a kd g hf g hm sd qm Z k o g Z r d o hb j d qhm f d l t kr hn m r t r hm f c d o kd shn m

Z ssqZ b shn m - M U s, B n l l t m , 7 * 0 3 2 / 4 ’1 / 0 6 (-

0 7 - X - W t *S - F - L Z r n m * IZ l l hm f Z m c c d o kd shn m hm d w sqd l d kx a hc hr o d qr d l hw st qd r n e l hb qn r b Z kd

d l t kr hn m r Z m c m Z m n d l t kr hn m r- R a h, : c u , 8 * d Z c g 2 6 0 4 ’1 / 1 2 (-

0 8 - @ - L hkkhm f * R - A hf f r* C hqd b s l d Z r t qd l d m s n e sg d c d o kd shn m en qb d t r hm f Z m Z sn l hb en qb d

l hb qn r b n o d - I, B n kkn hc Fm sd qeU a d R a h, 0 6 / * 5 / 3 z 5 / 5 ’0 8 8 4 (-

1 / - Q -U d ql Z * I- B - B qn b j d q*S - B - K t a d m r j x * @ - F -X n c g * D m sqn o hb b n kkn hc Z k hm sd qZ b shn m r hm

b n m b d m sqZ sd c c m Z r n kt shn m r- N g w r, P d u , J d ss, 7 0 * 3 / / 3 z 3 / / 6 ’0 8 8 7 (-

1 0 - B - Y g Z m f * I- L - C éZ y * @ - L t r sd q* C - Q - @ a t id sZ r* K - R - E qn t ed ,O © qd y * E - R b g d ff n kc * C d sd ql hm hm f

hm sqhm r hb o n sd m shZ kr Z m c u Z khc Z shm f n o shb Z k a hm c hm f en qb d r a d sv d d m b n kkn hc Z k o Z qshb kd r

t r hm f n o shb Z k sv d d y d qr- M U s, B n l l t m , 0 4 * 0 / 1 / ’1 / 1 3 (-

1 1 - @ - O - F Z r s*V - A - Q t r r d k* B - J - G Z kk* @ m d w o d qhl d m sZ k Z m c sg d n qd shb Z k r st c x n e o g Z r d

sqZ m r hshn m r hm sg d o n kx r sx qd m d kZ sd w Z m c g x c qn w x d sg x kb d kkt kn r d r x r sd l - I, B n kkn hc Fm sd qeU a d

R a h, 0 / 8 * 0 5 0 z 0 6 0 ’0 8 7 5 (-

1 2 - G - K d j j d qj d qj d q* N r l n shb d p t hkha qht l sqd Z sl d m s n e sg d o g Z r d r d o Z qZ shn m hm b n kkn hc Z k

c hr o d qr hn m r b n m sZ hm hm f m n m ,Z c r n qa hm f o n kx l d q l n kd b t kd r- B n kkn hc r R t qe, 4 0 * 3 0 8 z 3 1 5

’0 8 8 / (-

1 3 - G - M -V - K d j j d qj d qj d q*V - B -,J - O n n m * O - M - O t r d x * @ - R sqn n a Z m sr* O - A -V Z qqd m * O g Z r d

a d g Z u hn t q n e b n kkn hc * o n kx l d q l hw st qd r- D t qn o g w r, J d ss, 1 / * 4 4 8 z 4 5 3 ’0 8 8 1 (-

1 4 - I- L - A qZ c d q* Q - D u Z m r* L - R b g l hc s* R sZ shr shb Z k l d b g Z m hb r n e hm g n l n f d m d n t r l n c d k

b n kkn hc z o n kx l d q l hw st qd r- L n k, N g w r, 0 / 0 * 2 2 3 8 z 2 2 7 3 ’1 / / 2 (-
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8 n e 0 /

1 5 - F - I- E kd d q* Q -S t hm hd q* @ m Z kx shb Z k o g Z r d c hZ f qZ l r en q b n kkn hc r Z m c m n m ,Z c r n qa hm f o n kx l d q-

: c u , B n kkn hc Fm sd qeU a d R a h, 0 3 2 * 0 z 3 6 ’1 / / 7 (-

1 6 - I- C Z t sd m g Z g m * B - J - G Z kk* L n m sd B Z qkn r hl t kZ shn m n e n ff ,kZ sshb d o n kx l d q b g Z hm r 9 D ff d b shu d

o Z hq o n sd m shZ kr hm c hkt sd r n kt shn m - L U a qn l n kd a t kd r 1 6 * 4 2 8 8 z 4 3 0 1 ’0 8 8 3 (-

1 7 - O - F - A n kg t hr* @ - @ - K n t hr* I- O - G Z m r d m * D - I- L d hid q* @ b b t qZ sd d ff d b shu d o Z hq o n sd m shZ kr en q

o n kx l d q r n kt shn m r- I, B g d l , N g w r, 0 0 3 * 3 1 8 5 z 3 2 0 0 ’1 / / 0 (-

1 8 - Q -S t hm hd q* F - @ -U khd f d m sg Z qs* G - M - K d j j d qj d qj d q* C d o kd shn m hm sd qZ b shn m a d sv d d m r o g d qd r

hl l d qr d c hm Z r n kt shn m n e hc d Z k o n kx l d q b g Z hm r- I, B g d l , N g w r, 0 0 2 * 0 / 6 5 7 z 0 / 6 6 4 ’1 / / / (-

2 / - R - Q Z l Z j qhr g m Z m * L - E t b g r* J - R - R b g v d hy d q* B - E - Y t j n r j h* D m sqn o x c qhu d m o g Z r d sqZ m r hshn m r

hm b n kkn hc ,o n kx l d q r t r o d m r hn m r 9S d r sr n e c d o kd shn m sg d n qhd r- I, B g d l , N g w r, 0 0 5 *

1 1 / 0 z 1 1 0 1 ’1 / / 1 (-

2 0 - R - Q Z l Z j qhr g m Z m * L - E t b g r* J - R - R b g v d hy d q* B - E - Y t j n r j h* B n m b d m sqZ shn m fl t b st Z shn m r hm Z

l n c d k b n kkn hc ,o n kx l d q r t r o d m r hn m 9 D w o d qhl d m sZ k sd r sr n e c d o kd shn m sg d n qhd r- J U m f l t hq

0 7 * 0 / 7 1 z 0 / 8 / ’1 / / 1 (-

2 1 - @ - L - F qd d m * R - J Z c t kj Z q* Y - L - R g d ql Z m *S - L - E hsy r hl n m r* B - J - N en r t * I-X Z m * C - Y g Z n *

I- HkZ u r j x * @ - L - Q n r Z kd r* A - @ - G d kl r*U - F Z m d r Z m *S - L -S qt r j d ss* C - I- L hkkhqn m * C d o kd shn m ,

c qhu d m Z r r d l a kx n e o n kx l d q,b n Z sd c m Z m n b qx r sZ kr- I, N g w r, B g d l , B 0 1 5 * 0 8 4 / 6 z 0 8 4 0 7

’1 / 1 1 (-

2 2 - W -X d *S - M Z qZ x Z m Z m * O -S n m f * I- R - G t Z m f * L -X - K hm * A - K - B Z qu Z kg n * K - I- E d ssd qr* C d o kd shn m

hm sd qZ b shn m r hm b n kkn hc ,o n kx l d q l hw st qd r- N g w r, P d u , D 4 3 * 5 4 / / z 5 4 0 / ’0 8 8 5 (-

2 3 - @ -V d hr r* J - G ñ qm d q* L - A Z kkZ t ff * @ m Z kx r hr n e Z ssqZ b shu d hm sd qZ b shn m r a d sv d d m kZ sd w o Z qshb kd r

hm sg d o qd r d m b d n e m n m Z c r n qa hm f o n kx l d qr a x st qa hc hl d sqx - I, B n kkn hc Fm sd qeU a d R a h, 1 0 2 *

3 0 6 z 3 1 4 ’0 8 8 8 (-

2 4 - @ - L - J t kj Z qm h* @ - O - B g Z ssd qid d * J - R - R b g v d hy d q* B - E - Y t j n r j h* D ff d b sr n e o n kx l d q c d m r hsx

fl t b st Z shn m r n m c d o kd shn m hm sd qZ b shn m r- I, N g w r, B n m c d m r, L U ssd q 0 1 * 2 / 0 z 2 / 6 ’1 / / / (-

2 5 - B - J - N en r t * I- J Z m f *S - L -S qt r j d ss* C - I- L hkkhqn m * D ff d b shu d g Z qc ,r o g d qd qd o t kr hn m r a d sv d d m

n kd Z sd ,b Z o o d c b n kkn hc Z k l d sZ k n w hc d m Z m n b qx r sZ kr- I, N g w r, B g d l , J d ssd qr 0 2 * 0 0 2 1 2 z 0 0 2 1 8

’1 / 1 1 (-

2 6 - S - J hr sd q* C - L n m d f n * O - L t ku Z m d x * @ -V hc l d q,B n n o d q*S - J qZ t r* B n kkn hc Z k r sZ a hkhsx n e Z o n kZ q

m Z m n o Z qshb kd r 9S g d qn kd n e o Z qshb kd r hy d Z m c khf Z m c r g d kk r sqt b st qd - : B R M U m n 0 1 *

4 8 5 8 z 4 8 6 6 ’1 / 0 7 (-

2 7 - C - L n m d f n *S - J hr sd q* M - J hqj v n n c * C - C n a kZ r* O - L t ku Z m d x *S - J qZ t r* @ -V hc l d q,B n n o d q*

V g d m khj d c d r sZ a hkhy d r khj d 9 Hm u d qsd c r n ku d m s d ff d b sr hm Z o n kZ q m Z m n o Z qshb kd c hr o d qr hn m r-

: B R M U m n 0 3 * 4 1 6 7 z 4 1 7 6 ’1 / 1 / (-

2 8 - B - K h* K - K ht * Y - Y g Z m f * C - Y g Z m f * R -X h* G -X Z m f * Y - E Z m * @ m hr n sqn o x hm m d Z q,r o g d qhb Z k b n kkn hc Z k

m Z m n o Z qshb kd r- : B R M U m n 0 6 * 0 6 7 6 2 z 0 6 7 7 2 ’1 / 1 2 (-

3 / - L - C hij r sqZ * I- L - A qZ c d q* Q - D u Z m r* O g Z r d a d g Z u hn t q Z m c r sqt b st qd n e l n c d k b n kkn hc ,

o n kx l d q l hw st qd r- I, B n m c d m r, L U ssd q N g w r, 0 0 * 0 / / 6 8 z 0 / 0 / 5 ’0 8 8 8 (-

3 0 - @ -V - IZ m r n m r* I- D - G t sb g hr n m * B n m shm t n t r f qn v sg n e l d sZ k n w hc d m Z m n b qx r sZ kr 9 D m g Z m b d c

b n m sqn k n e m Z m n b qx r sZ k r hy d Z m c qZ c hZ k c n o Z m s c hr sqha t shn m - : B R M U m n 0 / * 5 8 3 1 z 5 8 4 0

’1 / 0 5 (-

3 1 - I-S - R b g d ksd m *V - R b g l Z sy * L t ksho kd ,r b Z ssd qhm f sqd Z sl d m s en q r l Z kk,Z m f kd r b Z ssd qhm f

o qn a kd l r- I, : o o k, B qw rs, 0 2 * 2 7 4 z 2 8 / ’0 8 7 / (-

3 2 - L -V d qsg d hl * D w Z b s r n kt shn m n e sg d O d qb t r ,X d u hb j hm sd f qZ k d p t Z shn m en q g Z qc r o g d qd r- N g w r,

P d u , J d ss, 0 / * 2 1 0 z 2 1 2 ’0 8 5 2 (-

3 3 - @ - Id n m f * I- O n qsm d q* B - O -S Z m m d q* I- B - N m c qx * B - Y g n t * Y - L h*X - @ -S Z y n t h*U - Q -V Z kk*

M - R - F hm r a d qf * C -U -S Z kZ o hm * B n kkn hc Z k c hr o d qr hn m r n e r sd qhb Z kkx Z m c d kd b sqn r sZ shb Z kkx

r sZ a hkhy d c O a R p t Z m st l c n sr 9 R sqt b st qd eZ b sn qr* r d b n m c u hqhZ k b n d ffi b hd m sr* Z m c

fi kl ,en ql hm f o qn o d qshd r- : B R M U m n 0 7 * 2 2 7 5 3 z 2 2 7 6 3 ’1 / 1 3 (-

3 4 - X -S Z m Z a d * M - L ö kkd q* D - E hr b g d q* C d m r hsx fl t b st Z shn m hm Z l n qo g n t r o n kx l d qr a x r l Z kk Z m f kd

w ,qZ x r b Z ssd qhm f - N n kw l d q I, 0 5 * 3 3 4 z 3 4 1 ’0 8 7 3 (-

3 5 - S - F - I- E n w * O - I- E kn qx * Hm sqhm r hb u hr b n r hsx qd kZ shn m r g ho r en q o n kx r sx qd m d - I, : l , B g d l , R n a , 6 2 *

0 8 0 4 z 0 8 1 / ’0 8 4 0 (-

3 6 - M - B khr a x * A - C ö m v d f * G hf g ,o qd b hr hn m d r shl Z sd n e sg d g x c qn c x m Z l hb qZ c ht r en q

r d ke,Z u n hc hm f v Z kj r- N g w r, P d u , D 8 3 * / 4 1 0 / 1 ’1 / 0 5 (-

3 7 - G -X Z l Z j Z v Z * L n c d qm S g d n qw n e N n kw l d q R n kt shn m r ’G Z qo d q  Q n v * 0 8 6 0 (-

3 8 - X - C hm f * @ - J hr kht j * @ - O - R n j n kn u *V g d m c n d r Z l n kd b t kd a d b n l d Z o n kx l d q;

L U a qn l n kd a t kd r 2 6 * 0 5 0 z 0 5 5 ’1 / / 3 (-

4 / - C - F - @ - K - @ Z qsr* Q -S t hm hd q* G - M -V - K d j j d qj d qj d q* O g Z r d a d g Z u hn t q n e l hw st qd r n e b n kkn hc Z k

r o g d qd r Z m c d w b kt c d c ,u n kt l d o n kx l d q b g Z hm r- I, B n m c d m r, L U ssd q N g w r, 0 3 * 6 4 4 0 z 6 4 5 0

’1 / / 1 (-

4 0 - F - I- E kd d q* Q -S t hm hd q* @ m Z kx shb Z k o g Z r d c hZ f qZ l en q b n kkn hc ,o n kx l d q l hw st qd r- N g w r, P d u , D

6 5 * / 3 0 7 / 1 ’1 / / 6 (-

4 1 - Q -S t hm hd q* O - @ - R l hsg *V - B - J - O n n m * R - T - D f d kg Z Z e* C - F - @ - K - @ Z qsr* G - M -V - K d j j d qj d qj d q*

F - I- E kd d q* O g Z r d c hZ f qZ l en q Z l hw st qd n e b n kkn hc r Z m c o n kx l d qr v hsg d p t Z k r hy d - D t qn o g w r,

J d ss, 7 1 * 5 7 / / 1 ’1 / / 7 (-

4 2 - L - F - M n qn * C - E qd m j d k* D w sd m c d c b n qqd r o n m c hm f ,r sZ sd r a d g Z u hn q en q o Z qshb kd r v hsg u Z qhZ a kd

qZ m f d Z ssqZ b shn m r- I, B g d l , N g w r, 0 0 2 * 1 8 3 0 z 1 8 3 3 ’1 / / / (-

4 3 - L - D - E hr g d q*S g d sg d n qx n e d p t hkha qht l b qhshb Z k o g d m n l d m Z - P d o , N qn f , N g w r, 2 / * 5 0 4 z 6 2 /

’0 8 5 6 (-

4 4 - @ -U qhi* Q -S t hm hd q* O Z qshb t kZ sd b n kkn hc r* hm E t m c U l d m sU kr n e Fm sd qeU a d U m c B n kkn hc R a hd m a d *

I- K x j kd l Z * D c - ’@ b Z c d l hb O qd r r* 1 / / 4 (* u n k- 3 * o o - 4 ,0 z 4 ,0 / 2 -

4 5 - Q -S t hm hd q* L - R - E d d m r sqZ * R d b n m c u hqhZ k b n d ffi b hd m s Z s sg d b qhshb Z k o n hm s hm Z fl t hc n e b n kkn hc Z k

r o g d qd r o kt r c d o kd sZ m sr- J U m f l t hq 2 / * 0 2 0 1 0 z 0 2 0 1 3 ’1 / 0 3 (-

4 6 - @ - R Z m sn r* L - K - C - G Z qn * F - E ht l Z qZ * E - R Z hiZ *S g d d ff d b shu d b n kkn hc hm sd qZ b shn m hm sg d

@ r Z j t qZ ,N n r Z v Z l n c d k- @ r r d r r l d m s n e m n m ,o Z hqv hr d sd ql r eqn l sg d u hqhZ k d w o Z m r hn m - I,

B g d l , N g w r, 0 3 1 * 1 1 3 8 / 2 ’1 / 0 4 (-

4 7 - B - L - L Z qsd m r* Q -S t hm hd q* L -U hr* C d o kd shn m hm sd qZ b shn m l d c hZ sd c a x r d l hfl d w ha kd o n kx l d qr-

I, B g d l , N g w r, 0 4 6 * 0 4 3 0 / 1 ’1 / 1 1 (-

4 8 - R - @ - D f n qn u * C d o kd shn m hm sd qZ b shn m r a d sv d d m m Z m n o Z qshb kd r 9S g d d ff d b s n e sg d o n kx l d qhb

c d o kd sZ m s r shff m d r r- N n kw l d qr 0 3 * 4 2 8 7 ’1 / 1 1 (-

5 / - Q - Q n sg * Q - D u Z m r*S g d c d o kd shn m o n sd m shZ k hm m n m ,Z c c hshu d g Z qc ,r o g d qd l hw st qd r- D t qn o g w r,

J d ss, 4 2 * 1 6 0 z 1 6 6 ’1 / / 0 (-

5 0 - I- Q t hy ,E qZ m b n * D - Y Z b b Z qd kkh* N m sg d qn kd n e b n l o d shm f hm sd qZ b shn m r hm b g Z qf d c b n kkn hc r

v hsg r g n qs,qZ m f d Z ssqZ b shn m - : m m t , P d u , B n m c d m r, L U ssd q N g w r, 0 1 * 4 0 z 6 / ’1 / 1 0 (-

5 1 - X - K ht * K - O n qb Z q* I- B g d m *V -,Q - B g d m * O - E Z kt r* @ - E Z qZ n m d * D - E qZ shm h* J - G n m f * O - A Z f khn m h*

K x r n y x l d o qn sd hm r n kt shn m v hsg Z m hm sd ql d c hZ sd qZ m f d n qc d q r sqt b st qd - I, N g w r, B g d l , A

0 0 4 * 6 1 2 7 z 6 1 3 6 ’1 / 0 0 (-

5 2 - O - C - F n c eqhm * M - D -U Z kZ c d y ,O © qd y * Q - B Z r sZ í d c Z ,O qhd f n * M - I-V Z f m d q*X - K ht * F d m d qZ khy d c

o g Z r d a d g Z u hn q n e b kt r sd q en ql Z shn m hm b n kkn hc Z k c hr o d qr hn m r v hsg b n l o d shm f hm sd qZ b shn m r-

R n es L U ssd q 0 / * 4 / 5 0 z 4 / 6 0 ’1 / 0 3 (-

5 3 - Q - A - IZ c qhb g * I- @ - A n kkhm f d q* J - O - In g m r sn m *S - L -S qt r j d ss* N qhf hm Z m c c d sd b shn m n e

l hb qn r sqt b st qZ k b kt r sd qhm f hm fl t hc r v hsg r o Z shZ k,qZ m f d b n l o d shshu d hm sd qZ b shn m r- N g w r, P d u ,

D 8 0 * / 3 1 2 0 1 ’1 / 0 4 (-

5 4 - O - C - F n c eqhm * H- D - Y Z qqZ f Z * I- Y Z qy Z q* K - O n qb Z q* O - E Z kt r* M - I-V Z f m d q*X - K ht * D ff d b s n e

g hd qZ qb g hb Z k b kt r sd q en ql Z shn m n m sg d u hr b n r hsx n e b n m b d m sqZ sd c l n m n b kn m Z k Z m sha n c x

en ql t kZ shn m r r st c hd c a x m d t sqn m r b Z ssd qhm f - I, N g w r, B g d l , A 0 1 / * 1 6 7 z 1 8 0 ’1 / 0 5 (-

5 5 - I- @ - A n kkhm f d q*S - L -S qt r j d ss* E kt hc r v hsg b n l o d shm f hm sd qZ b shn m r- H- C d b n c hm f sg d r sqt b st qd

eZ b sn q sn c d sd b s Z m c b g Z qZ b sd qhy d r d ke,khl hsd c b kt r sd qhm f - I, B g d l , N g w r, 0 3 4 * / 5 3 8 / 1

’1 / 0 5 (-

5 6 - R - @ - R g Z g *X -,K - B g d m * R - Q Z l Z j qhr g m Z m * J - R - R b g v d hy d q* B - E - Y t j n r j h* L hb qn r sqt b st qd n e

c d m r d b n kkn hc ,o n kx l d q r t r o d m r hn m r Z m c f d kr- I, B n m c d m r, L U ssd q N g w r, 0 4 * 3 6 4 0 z 3 6 6 7

’1 / / 2 (-

5 7 - R - J hl * J - G x t m * I-X - L n n m * B - B kZ r d m * J - G - @ g m * C d o kd shn m r sZ a hkhy Z shn m hm m Z m n o Z qshb kd ,

o n kx l d q r t r o d m r hn m r 9 L t ksh,kd m f sg ,r b Z kd Z m Z kx r hr n e l hb qn r sqt b st qd - J U m f l t hq 2 0 *

0 7 8 1 z 0 8 / / ’1 / 0 4 (-

5 8 - Q - B g d m f * I- K h* H- Q én r c d @ m c Z *S -V -S Z x kn q* L - @ - E Z d qr* I- @ m c d qr n m * @ - L - R d c c n m *

B - O - Q n x Z kk* O qn sd hm z o n kx l d q l hw st qd r hm sg d b n kkn hc khl hs9 @ f f qd f Z shn m * r d c hl d m sZ shn m *

Z m c b qx r sZ kkhy Z shn m - I, B g d l , N g w r, 0 4 4 * 0 0 3 8 / 0 ’1 / 1 0 (-

6 / - J - It kht r* I-V d hm d * L - F Z n * I- K Z sZ qht r* L - D ka d qr* L - O Z t kt r* L -S n kZ m * Q -V hm sd q* Hl o Z b s n e

l Z b qn l n kd b t kZ q b qn v c hm f Z m c b n l o qd r r hn m n m o qn sd hm z o qn sd hm hm sd qZ b shn m r Z m c khp t hc z

khp t hc o g Z r d r d o Z qZ shn m o g d m n l d m Z - L U a qn l n kd a t kd r 4 1 * 0 6 6 1 z 0 6 7 3 ’1 / 0 8 (-

6 0 - I-S - C t n m f * L - I- A Z hkd x *S - D - O hb j * O - L - L b A qhc d * D - K - Q n r d m * Q - A t n m r Z m sh* C - I- L hkkhqn m *

A - @ - G d kl r* D ffi b hd m s o n kx l d q o Z r r hu Z shn m n e khf Z m c ,r sqho o d c m Z m n b qx r sZ k r t qeZ b d r- I,

N n kw l , R a h, N U qs : 9 N n kw l d q B g d l , 4 / * 2 6 0 8 z 2 6 1 6 ’1 / 0 1 (-

6 1 - I- G Z m r d m * O - M - O t r d x * O - A -V Z qqd m *V - B - J - O n n m * R - T - D f d kg Z Z e* I- R sd kka qhm j * I- @ kkf Z hd q*

@ - A - R b g n fi d kc * O - M - O t r d x * A d x n m c r hl o kd c d o kd shn m 9 O g Z r d a d g Z u hn t q n e b n kkn hc ,r sZ q

o n kx l d q l hw st qd r- N g hkn r, S qU m r, P , R n a , : 2 4 8 * 7 8 6 z 8 / 6 ’1 / / 0 (-

6 2 - V - J t khb j d * Q - J m hd v r j d *S g d r g d Z q u hr b n r hsx c d o d m c d m b d n m b n m b d m sqZ shn m * l n kd b t kZ q

v d hf g s* Z m c r g d Z q qZ sd n e o n kx r sx qd m d r n kt shn m r- P g d n kn f ha U : a sU 1 2 * 6 4 z 7 2 ’0 8 7 3 (-

6 3 - S - A - L Z qshm *S - D - H- F Z qsm d q* Q - K - In m d r* B - Q - R m x c d q* @ - IZ x Z qZ l Z m * o x O Q HR L 9 @

b n l o t sZ shn m Z k sn n k en q khp t hc ,r sZ sd sg d n qx b Z kb t kZ shn m r n e l Z b qn l n kd b t kZ q l Z sd qhZ kr-

L U a qn l n kd a t kd r 4 0 * 1 8 / 5 z 1 8 1 1 ’1 / 0 7 (-

6 4 - I- @ - @ m c d qr n m * I- F kZ r d q* R - B - F kn sy d q* G N N L C ,a kt d 9 @ o x sg n m o Z b j Z f d en q g hf g ,

o d qen ql Z m b d l n kd b t kZ q c x m Z l hb r Z m c g Z qc o Z qshb kd L n m sd B Z qkn r hl t kZ shn m r- B n l o ,

L U sd q, R a h, 0 6 2 * 0 / 8 2 5 2 ’1 / 1 / (-

6 5 - U - Q Z l Z r t a qZ l Z m h* A - C - C hb d * D - R - G Z qo d q* L - O - R o d kkhm f r* I- @ - @ m c d qr n m * R - B - F kn sy d q*

eqd t c 9 @ r n esv Z qd r t hsd en q g hf g sg qn t f g o t s Z m Z kx r hr n e o Z qshb kd r hl t kZ shn m c Z sZ - B n l o t s,

N g w r, B n l l t m , 1 4 3 * 0 / 6 1 6 4 ’1 / 1 / (-

6 6 - C - G d x d r* I- L d kqn r d * A qn v m hZ m c x m Z l hb r r hl t kZ shn m r n e l n c d k g Z qc ,r o g d qd r t r o d m r hn m r-

I, M n m m d v sn m , E kt hc L d a g , 3 5 * 0 z 1 7 ’0 8 8 2 (-

6 7 - I- E n w * F -S g n l Z r* O - I- E kn qx * R d b n m c ,n qc d q sqZ m r hshn m sd l o d qZ st qd r Z m c qd kZ sd c o qn o d qshd r

n e o n kx r sx qd m d - H- Hm fl t d m b d n e l n kd b t kZ q v d hf g s- I, : o o k, N g w r, 1 0 * 4 7 0 z 4 8 0 ’0 8 4 / (-

6 8 - K - I- E d ssd qr* M - G Z c ihb g qhr shc hr* I- R - K hm c m d q* I-V - L Z x r* L n kd b t kZ q v d hf g s c d o d m c d m b d n e

g x c qn c x m Z l hb Z m c sg d ql n c x m Z l hb o qn o d qshd r en q v d kk,c d fi m d c khm d Z q o n kx l d qr hm

r n kt shn m - I, N g w r, B g d l , P d e, C U sU L n m n f q, 1 2 * 5 0 8 z 5 3 / ’0 8 8 3 (-

7 / - J -S d qZ n * A - R - E Z ql d q*X - M Z j Z l t qZ * G - HZ sqn t * J - G n m f * I-V - L Z x r* Q Z c ht r n e f x qZ shn m n e

o n kx r sx qd m d b n l a r Z m c b d m sho d c d r hm Z = r n ku d m s- L U a qn l n kd a t kd r 2 7 * 0 3 3 6 z 0 3 4 / ’1 / / 4 (-

: b i m n v kd c f l d m sr 9 V d Z b j m n v kd c f d sg d S d w Z r @ c u Z m b d c B n l o t shm f B d m sd q ’S @ B B ( Z s S g d

T m hu d qr hsx n e S d w Z r Z s @ t r shm en q o qn u hc hm f G O B qd r n t qb d r-S g hr qd r d Z qb g t r d c sg d @ c u Z m b d c T U

Z m c W ,qZ x O qn a d r eZ b hkhsx n e sg d B d m sd q en q E t m b shn m Z k M Z m n l Z sd qhZ kr ’B E M (* Z T -R - C d o Z qsl d m s n e

D m d qf x N ffi b d n e R b hd m b d T r d q E Z b hkhsx * Z s A qn n j g Z u d m M Z shn m Z k K Z a n qZ sn qx t m c d q b n m sqZ b s m n -

C D ,R B / / 0 1 6 / 3 -V d Z qd f qZ sd et k sn Q - K h Z s B E M en q Z r r hr sZ m b d hm c Z sZ b n kkd b shn m - E t m c hm f 9 S g hr

D
o
w

n
lo

ad
ed

fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at U
n
iv

ersity
 o

f T
ex

as A
u
stin

 o
n
 M

ay
 0

5
, 2

0
2
5



N en r t d s U k,* R a h, : c u , 0 0 * d Z c u 1 1 0 5 ’1 / 1 4 ( 8 @ o qhk 1 / 1 4

R B H D M B D @ C U @ M B D R Q D R D @ Q B G @ Q S H B K D

0 / n e 0 /

v n qj v Z r o qhl Z qhkx r t o o n qsd c a x sg d M Z shn m Z k R b hd m b d E n t m c Z shn m sg qn t f g sg d B d m sd q en q

C x m Z l hb r Z m c B n m sqn k n e L Z sd qhZ kr 9 Z m M R E L Q R D B t m c d q B n n o d qZ shu d @ f qd d l d m s m n r-

C L Q ,0 6 1 / 4 8 4 Z m c C L Q ,1 2 / 7 7 0 6 -S -L -S - Z m c S -@ -V - Z b j m n v kd c f d r t o o n qs eqn l sg d @ ql x

Q d r d Z qb g N ffi b d t m c d q f qZ m s m t l a d q V 8 0 0 M E ,1 2 ,0 ,/ 2 7 6 -S g hr v n qj v Z r Z kr n r t o o n qsd c a x sg d

V d kb g E n t m c Z shn m ’f qZ m s m n r- E ,0 5 8 5 Z m c E ,0 7 3 7 (- : t sg n p b n m spha t shn m r 9 V qhshm f – n qhf hm Z k

c qZ es9 C -I-L -*S -L -S -* Z m c B -J -N - B n m b d o st Z khy Z shn m 9 C -I-L -*S -L -S -* Z m c B -J -N - Hm u d r shf Z shn m 9 B -J -N -*

V -C -A -*S -@ -V -* I-B -* Z m c S -,K -K -V qhshm f – qd u hd v Z m c d c hshm f 9 C -I-L -*S -L -S -* B -J -N -*S -@ -V -* Z m c S -,K -K -

L d sg n c n kn f x 9 C -I-L -*S -L -S -* Z m c B -J -N - Q d r n t qb d r* et m c hm f Z b p t hr hshn m * Z m c r t o d qu hr hn m 9 C -I-L -

Z m c S -L -S - C Z sZ b t qZ shn m 9 C -I-L -* B -J -N -*S -@ -V -* Z m c S -,K -K -U Z khc Z shn m 9 @ kk Z t sg n qr- E n ql Z k Z m Z kx r hr 9

C -I-L -* B -J -N -*S -@ -V -* Z m c S -,K -K - O qn id b s Z c l hm hr sqZ shn m 9 C -I-L -*S -L -S -* Z m c B -J -N -U hr t Z khy Z shn m 9

C -I-L -* B -J -N -*S -@ -V -* Z m c S -,K -K - B n l o d shm f hm sd pd r sr 9 S g d Z t sg n qr c d b kZ qd sg Z s sg d x g Z u d m n

b n l o d shm f hm sd qd r sr- C Y sY Y m c l Y sd phY kr Y u Y hkY a hkhsx 9 @ kk c Z sZ m d d c d c sn d u Z kt Z sd sg d

b n m b kt r hn m r hm sg d o Z o d q Z qd o qd r d m s hm sg d o Z o d q Z m c .n q sg d R t o o kd l d m sZ qx L Z sd qhZ kr-

R t a l hssd c 0 / C d b d l a d q 1 / 1 3

@ b b d o sd c 4 L Z qb g 1 / 1 4

O t a khr g d c 8 @ o qhk 1 / 1 4

0 / -0 0 1 5 .r b hZ c u -Z c u 1 1 0 5

D
o
w

n
lo

ad
ed

fro
m

 h
ttp

s://w
w

w
.scien

ce.o
rg

 at U
n
iv

ersity
 o

f T
ex

as A
u
stin

 o
n
 M

ay
 0

5
, 2

0
2
5


