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pCZ/ı,c LZ’˘g 33: 3z3t(

L9/-üZ/ı, ax /gı 9arı’üZ/-9m Zm, 1’ı,-˘/-9m 9— ˘k2r/ı’-m4 aıgZü-9’ —9’ -l12’-/-ır r2ar/-/2/ı, -m/9
/gı g9r/ kZ//-˘ı 9— Z ’ıZk lZ/ı’-Zk: Zm, /gı ,’ZlZ/-˘ -l1Z˘/ /g-r ˘Zm gZüı 9m ıkı˘/’9m-˘ 1’91ı’/-ır:
vı ,ıüık91 Z r-l1kı Z11’9Z˘g /9 ,ır˘’-aı r2˘g Zm ıfı˘/ ü-Z /gı ıkı˘/’9m rık—hımı’4x) Vı ıl1k9x Z
,-r9’,ı’ Züı’Z4ı, ShlZ/’-w ıw1Zmr-9m /Zjım /9 rı˘9m, 9’,ı’: vg-˘g vı l9,-—x /9 -m˘k2,ı Z ˘k2r/ı’-m4
1’9aZa-k-/x 1Z’Zlı/ı’) Sg-r Z11’9Z˘g ˘-’˘2lüım/r /gı mıı, —9’ r1ı˘-fi˘ ˘k2r/ı’ 1’9aZa-k-/x ,-r/’-a2h
/-9mr: r-l1k-—x-m4 4’ıZ/kx /gı ZmZkxr-r 9— ˘k2r/ı’ı, -l12’-/-ır) S9 4Z-m ZmZkx/-˘Zk -mr-4g/r: vı r/2,x
Z mıZ’ır/hmı-4ga9’ r.2Z’ı kZ//-˘ı /-4g/ha-m,-m4 GZl-k/9m-Zm v-/g ˘k2r/ı’ı, -l12’-/x r2ar/-/2/-9mr /9
-müır/-4Z/ı ˘k2r/ı’-m4 9— 9fh,-Z49mZk g911-m4 -l12’-/-ır) Vı fim, /gZ/ 92’ ShlZ/’-w Z11’9Z˘g -r -m
ıw˘ıkkım/ Z4’ıılım/ v-/g ıwZ˘/ m2lı’-˘Zk ’ır2k/r —’9l Z /-4g/ha-m,-m4 ˘9l12/Z/-9m 1ı’—9’lı, v-/g
/gı JV MS 1Z˘jZ4ı) Vı 9arı’üı Z üZ’-ı/x 9— -m/ı’ır/-m4 -l12’-/x ˘k2r/ı’-m4h-m,2˘ı, ıfı˘/r -m /gı
rık—hımı’4x r2˘g Zr /gı r211’ırr-9m 9— .2Zr-h1Z’/-˘kı k-—ı/-lır Z/ ˘ı’/Z-m l9lım/Z Zm, Zm -m˘’ıZrı -m
k9˘Zk-yZ/-9m: Zr -m,-˘Z/ı, ax /gı -müı’rı 1Z’/-˘-1Z/-9m ’Z/-9) Sgı JV MS ’ır2k/r Z’ı ’ı1’9,2˘ı, -m
92’ l9,-fiı, ShlZ/’-w Z11’9Z˘g) Hm Z,,-/-9m: 92’ lı/g9, Zkk9vr —9’ Z —2kk ZmZkx/-˘Zk /’ıZ/lım/ 9—
˘k2r/ı’-m4 ıfı˘/r vg-˘g ˘Zm Z-, -m 1gxr-˘Zk -mr-4g/)
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Sgd -m6d’1kZx &d6vddm ,-r9’,d’ Zm, 6gd dkd]6’9m-]
1’91d’6-dr 9– 6v9h,-ldmr-9mZk p3C( lZ6d’-Zkr bo[ -r 9–
4’dZ6 -m6d’dr6) N– 1Z’6-]2kZ’ -l19’6Zm]d Z’d 6gd .2drh
6-9mr 9– g9v 69 ]9m6’9k Zm, l-m-l-yd 2m,dr-’Z&kd ,-r9’h
,d’ dfd]6r: Zr vdkk Zr g9v 69 gZ’mdrr ,-r9’,d’ 69 Z]g-dud
,dr-’Z&kd 1gxr-]Zk 1’91d’6-dr pd)4): .2Zm6-yd, ’dr19mrdr
r2]g Zr 9]]2’r -m 6gd .2Zm62l GZkk dfd]6 9’ .2Zm62l
Zm9lZk92r GZkk dfd]6()

m -m6d’dr6-m4 xd6 2m,d’Z11’d]-Z6d, Zr1d]6 9– ,-r9’h
,d’ -m lZ6d’-Zkr -r 6gd r1Z6-Zk ]9mfi42’Z6-9m 9– -l12’-h
6-dr: vg-]g l9r6 9–6dm -r m96 6Zjdm -m69 Z]]92m6 r-m]d Z
,-r9’,d’ Zud’Z4d -r 6x1-]Zkkx dl1k9xd,) Hm Z 4-udm lZh
6d’-Zk: ,9 -l12’-6-dr ]k2r6d’ 9’ Z’d 6gdx vdkkhrd1Z’Z6d,q
Hm 4dmd’Zk -6 -r m9mh6’-u-Zk 69 fim, 6gd dmd’4d6-]Zkkx l9r6
–Zu9’Z&kd ]9mfi42’Z6-9m 9– -l12’-6-dr: vgd6gd’ 6gdx Z’d
Z,r9’&d, Z69lr 9m Z lZ6d’-Zk r2’–Z]d 9’ ]gdl-]Zkkx r2&h
r6-626d, v-6g-m Z g9r6 lZ6d’-Zk kZ66-]d) UZ’-92r ,dmr-6x
–2m]6-9mZk 6gd9’x pCES( r62,-dr gZud &ddm 1d’–9’ld, 69
Z,,’drr 6g-r .2dr6-9m –9’ m2ld’92r g9r6 lZ6d’-Zkr Zm,
-l12’-6x 6x1dr8–9’ -mr6Zm]d: -m r62,-dr 6gZ6 -mudr6-4Z6d
-l12’-6-dr r2&r6-626d, b3[ 9’ Z,r9’&d, bt[ 9m69 6gd r2’h
–Z]d 9’ 6gd &2kj bfl[ 9– lZ6d’-Zkr) N–6dm 9md fim,r 6gZ6
-l12’-6-dr rg9v 1’d–d’dm]d –9’ ]k2r6d’-m4 v-6g ]k2r6d’r 9–
]d’6Z-m 1’d–d’’d, r-ydr) Sgd ,d6Z-kr 9– 6g-r dfd]6 ,d1dm,
9m 6gd g9r6 lZ6d’-Zk: 6gd -l12’-6x 6x1d: 6dl1d’Z62’d:
Zm, 6gd ]9m]dm6’Z6-9m 9– -l12’-6-dr)

K-jdv-rd: r-l-kZ’ ]k2r6d’-m4 &dgZu-9’ gZr &ddm 9&rd’ud,
9’ -m,2]d, dw1d’-ldm6Zkkx) E9’ -mr6Zm]d: Z,Z69lr 9m
6gd r2’–Z]d 9– 4’Z1gdmd: gZud &ddm 9&rd’ud, 69 dld’4d
-m ]k2r6d’r bt: fi[: Zm, Z ’d]dm6 r62,x ,dl9mr6’Z6d, 6gd
–9’lZ6-9m 9– kZ’4d m-6’94dm ]k2r6d’r r2&r6-626d, -m69 6gd
4’Z1gdmd kZ66-]d: v-6g Z ’d19’6d, -m]’dZrd -m ]9m,2]6-u-6x

b7[)
Sgd’d gZud Zkr9 &ddm 6gd9’d6-]Zk r62,-dr 9– r2&r6-62h

6-9mZk -l12’-6-dr -m 4’Z1gdmd bs8oo[ Zm, r62,-dr 9– 6gd
dfd]6 9– -l12’-6x ]k2r6d’r bo3: ot[ 9m dkd]6’9m-] 1’91d’h
6-dr) R2&r6-626-9mZk -l12’-6-dr -m lZ6d’-Zkr Z’d jm9vm 69
gZ’&9’ k9]Zk-yd, r6Z6dr bofl[: vg-]g –9’ 4’Z1gdmd bn[ gZr
&ddm r244dr6d, 69 1kZx Zm -l19’6Zm6 ’9kd -m 6gd 6’Zmrh
19’6 1’91d’6-dr 9– mZm9’-&&9mr Zr 6’Zmr19’6 uZ’-dr ,’Zh
lZ6-]Zkkx v-6g r1d]-fi] ,-r9’,d’ ]9mfi42’Z6-9m: ’dkZ6-ud 69
6gd d,4dr 9– 6gd rxr6dl bs[) m96gd’ -m6d’dr6-m4 dfd]6 -r
Z ’d]dm6kx 1’d,-]6d, ld6Zkh69h-mr2kZ69’ 6’Zmr-6-9m -m ,-rh
9’,d’d, 4’Z1gdmd bofi[)

E-mZkkx: -6 -r -l19’6Zm6 69 19-m6 69 6gd 6gd9’x 9– ’Zmh
,9l &-mZ’x Zkk9xr: vg-]g ’d]d-ud, gd-4g6dmd, Z66dm6-9m -m
6gd onszr bo7: os[) R2]g r62,-dr vd’d ,9md -m 6gd –’Zldh
v9’j 9– 6gd ]9gd’dm6 196dm6-Zk Z11’9w-lZ6-9m pBO ()
Sg-r 1’du-92r v9’j dw1Zm,d, 219m ,d6Z-kr 9– r]Z66d’-m4
&x kZ’4d ]k2r6d’r 9– -l12’-6-dr: -m]k2,-m4 -l12’-6-dr v-6g
9fh,-Z49mZk ,-r9’,d’: vg-]g v-kk &d 92’ –9]2r 92’ –9]2r
Zr vdkk) Sgdrd 1Zr6 Zm, 1’drdm6 ’drdZ’]g df9’6r rd6 6gd
r6Z4d –9’ 6gd -mudr6-4Z6-9m vd 1’drdm6 gd’d)

Tr-m4 Z ShlZ6’-w dw1Zmr-9m: vd ]9l126d 6gd rdk– dmh
d’4x 9– Z mdZ’dr6 md-4g&9’r 6-4g6h&-m,-m4 l9,dk 9m Z
r.2Z’d kZ66-]d v-6g 9fh,-Z49mZk pg911-m4( -l12’-6-dr) Vd
]9l1Z’d 6gd ’dr2k6r –9’ Zm 9’,-mZ’x ShlZ6’-w ,dr]’-16-9m
9– -r9kZ6d, -l12’-6-dr 69 92’ ShlZ6’-w l9,dk: vg-]g Zkh
k9vr 2r 69 6Zjd -m69 Z]]92m6 ]k2r6d’-m4 9– md-4g&9’-m4 -lh
12’-6-dr) Vd 1-6 6gdrd ’dr2k6r Z4Z-mr6 Z ,-r9’,d’hZud’Z4d,
rdk–hdmd’4x 9&6Z-md, –’9l dwZ]6kx r9kud, fim-6d rxr6dlr ’dh
Zk-y-m4 6gd rZld ,-r9’,d’ l9,dk) Vd fim, 6gZ6 ]k2r6d’-m4
]9m6’-&26dr m9mh6’-u-Zkkx 69 6gd rdk–hdmd’4x: dr1d]-Zkkx 6gd
-lZ4-mZ’x 1Z’6) Vd fim, 92’ ShlZ6’-w Z11’9Z]g -r -m
dw]dkkdm6 Z4’ddldm6 v-6g dwZ]6 m2ld’-]Zk ’dr2k6r) Wd6:
-6 ’d.2-’dr Zkl9r6 m9 Z,,-6-9mZk 6d]gm-]Zk jm9vhg9v &dh
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x9m, 6gd r6Zm,Z’, ShlZ6’-w Z11’9Z]g Zm, 6g2r -r 9– 4’dZ6
1’Z]6-]Zk 26-k-6x)

Vd 1’9]dd, 69 2rd 6g-r rdk–hdmd’4x 69 2m,d’r6Zm, g9v
dkd]6’9m-] 1’91d’6-dr 9– 6gd rxr6dl uZ’x v-6g 6gd ]9m]dmh
6’Z6-9m 9– -l12’-6x ]k2r6d’-m4) Hm 1Z’6-]2kZ’: vd ]9l126d
6gd ,dmr-6x 9– r6Z6dr: .2Zr-h1Z’6-]kd k-–d6-ld: Zm, -mud’rd
1Z’6-]-1Z6-9m ’Z6-9: vg-]g 4-udr 2r Zm -m,-]Z6-9m 9– k9]Zkh
-yZ6-9m 1’91d’6-dr) Sg-r ZmZkxr-r ]9l1kdldm6r 6gd ’dr2k6r
9– 1’du-92r r62,-dr: ,dl9mr6’Z6-m4 -m]’dZrd, k9]Zk-yZ6-9m
Zm, Z ,d]’dZrd -m 6gd yd’9hdmd’4x ,dmr-6x 9– r6Z6dr –9’ -mh
]’dZrd, ]k2r6d’-m4) Sgdrd ’dr2k6r Z’d r2llZ’-yd, -m 6gd
fi42’dr 9– 6gd 6dw6)

N2’ 1Z1d’ -r 9’4Zm-yd, Zr –9kk9vr) Hm Rd]) HH vd -mh
6’9,2]d 6gd 6-4g6h&-m,-m4 l9,dk: -m]k2,-m4 ,-r9’,d’: 9m
6gd r.2Z’d kZ66-]d 6gZ6 vd v-kk 2rd –9’ 92’ r62,x 9– -lh
12’-6x ]k2r6d’-m4) Hm Rd]) HHH vd -m6’9,2]d 6gd ShlZ6’-w
Z11’9Z]g Zm, 1’drdm6 ZmZkx6-]Zk ’dr2k6r 9m -r9kZ6d, Zm,
]k2r6d’d, -l12’-6-dr) Hm Rd]) HU vd 1’drdm6 m2ld’-]Zk ’dh
r2k6r 9m ,-r9’,d’ dfd]6r ’dkZ6d, 69 6gd ]k2r6d’-m4 9– -l12h
’-6-dr) E-mZkkx: -m Rd]) U vd 1’drdm6 6gd lZ-m ]9m]k2r-9mr
9– 92’ v9’j)

GGp LNCDK

r Z 1kZ6–9’l –9’ 92’ -mudr6-4Z6-9m 9– -l12’-6x ]k2r6d’h
-m4 dfd]6r vd ]g99rd Z 6-4g6h&-m,-m4 l9,dk 9m Z r.2Z’d
kZ66-]d) Sg-r l9,dk ]9mr-r6r 9– 9mkx mdZ’dr6hmd-4g&9’ g91h
1-m4r) Sg-r ]g9-]d 9– l9,dk gZr 6gd Z,uZm6Z4d 6gZ6 l2]g
ZmZkx6-] 1’94’drr -r 19rr-&kd Zm, v-kk 6gd’d–9’d Zkk9v –9’
,dd1d’ -mr-4g6r -m69 92’ 6’dZ6ldm6 9– -l12’-6x ]k2r6d’-m4)
G9vdud’: 92’ lZ-m ’dr2k6r Z’d l9’d 4dmd’Zk Zm, ,9 m96
,d1dm, 9m 6g-r r1d]-fi] GZl-k69m-Zm 9’ kZ66-]d)

Sgd GZl-k69m-Zm 9– 6gd ]kdZm kZ66-]d lZx &d v’-66dm
Zr Z r2l 9ud’ 6gd kZ66-]d r-6dr 9– 6gd l9,dk kR: Zm, 6gd
mdZ’dr6hmd-4g&9’ ,-r1kZ]dldm6 ud]69’r :

RG+ 9 q
∑

q .

Rb}(kg(Rb(kg ) (. po(

E92’-d’ 6’Zmr–9’l-m4 69 Z ]’xr6Zk l9ldm62l &Zr-r 9md
9&6Z-mr 6gd ,-r1d’r-9m ’dkZ6-9m ξi 9 1q(ˆmo(ivX( )
ˆmo(ixX((: vgd’d X -r 6gd kZ66-]d r1Z]-m4) Vd 6Zjd q 9 0
Zm, X 9 0)

Mdw6: vd -m6’9,2]d 69 6g-r l9,dk Z rd6 9– kZ66-]d r-6d
"r2&r6-626-9mr?) H– 6gd 9’-4-mZk kZ66-]d -r lZ,d 21 9– Z69lr
9– 6x1d : Zm, vd ’d1kZ]d rdkd]6 kZ66-]d r-6dr v-6g Z69lr
9– 6x1d A: g911-m4r &d6vddm Z69lr Z’d m9 k9m4d’ 9mkx
q 9 q,, pg911-m4 Zl9m4 Z69lr( &26 lZx Zkr9 &d q,A 9
qA, pg911-m4 &d6vddm Zm, A Z69lr( 9’ qAA pg911-m4
Zl9m4 A Z69lr() Sgd –2kk GZl-k69m-Zm vd ]9mr-,d’ -r
RG 9 RG+) RGgkn: vgd’d RGgkn -r 6gd -l12’-6x GZl-k69m-Zm)
Vd v’-6d 6gd -l12’-6x GZl-k69m-Zm -m 6d’lr 9– 6gd rd6 9–
-l12’-6x ]99’,-mZ6dr: {Kg{: Zm, 6gd g911-m4 ]9’’d]6-9mr
q· 9 q q,A Zm, q·· 9 0

1 (q) qAA 1q,A(:

RGgkn 9
∑

0 .

∆q(Kg. ( Rb}(Kg(Rb(Kg ) ( ) g.b.

. p3(

v-6g 6gd g911-m4 6d’l ∆q(Kg. ( 9 q· q··


0i
δ(Kg )

Ki( ’d1kZ]-m4 g911-m4r Z11’91’-Z6dkx) Hm 6gd r6Zm,Z’,
6’dZ6ldm6 9– -l12’-6-dr vg-]g -l1k-]-6kx Zrr2ldr 6gdx ,9
m96 md-4g&9’ dZ]g 96gd’ 9m 6gd kZ66-]d: vd gZud r-l1kx
∆q(Kg. ( 9 q·: ei i Z ,d1dm,dm]d 9– 6gd md-4g&9’-m4 kZ6h
6-]d 19r-6-9mr ,9dr m96 dm6d’ 6gd g911-m4 ]9’’d]6-9m Zm,
9mkx 9md r2l 9ud’ 6gd -l12’-6x ]99’,-mZ6dr -r mdd,d, -m
6gd -l12’-6x GZl-k69m-Zm) M96d 6gZ6 dudm -m Z "r-l1kd’?
]Zrd 9– q,A 9 qAA : 6g-r Z,,-6-9mZk r2l 9ud’ kZ66-]d r-6dr
Zm, 6gd Zrr9]-Z6d, 6d’lr -m 6gd ShlZ6’-w dw1Zmr-9m Z’d
r6-kk mdd,d, 69 ]9’’d]6kx Z]]92m6 –9’ md-4g&9’-m4 -l12’-h
6-dr)

GGGp RDKEhDMDPFW BNLOTS SGNM

Vd r62,x 6gd dfd]6 9– 6gd -l12’-6-dr 9m 6gd rdk–hdmd’4x
Z11dZ’-m4 -m 6gd r-m4kdh1Z’6-]kd F’ddm“r –2m]6-9m) Sgd
-lZ4-mZ’x 1Z’6 v-kk ’d5d]6 dkd]6’9m k-–d6-ld dfd]6r: Zm,
6gd ’dZk 1Z’6 v-kk ’d5d]6 dmd’4x ’dm9’lZk-yZ6-9mr)

p ShlY6.-u Y11.9Yag

Hm 6g-r v9’j vd lZjd 2rd 9– 6gd ,-r9’,d’hZud’Z4d, Sh
lZ6’-w) H6 ]Zm &d v’-66dm -m 6d’lr 9– 6gd -l12’-6x GZl-kh
69m-Zm Zm, 6gd 2m,’drrd, r.2Z’d kZ66-]d F’ddm“r –2m]6-9m
A+(hωm.R( 9 0

gωm 1
pvgd’d ωm Z’d 6gd LZ6r2&Z’Z –’dh

.2dm]-dr(: Zr Zm dw1Zmr-9m -m 6gd g911-m4 ]9’’d]6-9m boe[c

RR 9 } RGgkn ) RGgkn
RA+

RGgkn ) ...〉agp.

Gd’d: 6gd ,-r9’,d’ Zud’Z4d }...〉agp ]9mr-r6r 9– Zm -m6d4’Zh
6-9m 9ud’ 6gd -l12’-6x ]99’,-mZ6dr: ,-u-,d, &x 6gd 696Zk
Z’dZ: ei i Zm Zud’Z4d 9ud’ Z 2m-–9’l ,-r6’-&26-9m) ud’h
Z4-m4 9ud’ Z m9m2m-–9’l 1’9&Z&-k-6x ,-r6’-&26-9m –9’ 6gd
-l12’-6x k9]Z6-9mr v92k, ’d.2-’d l9’d ]Z’d: &26 vd ]-’h
]2ludm6 6g-r -m 92’ ,-r]2rr-9m 9– -l12’-6x ]k2r6d’r) Hm
vgZ6 –9kk9vr vd v-kk ]9mr-,d’ fi’r6 6gd ]Zrd 9– -r9kZ6d,
-l12’-6-dr: vg-]g –9kk9vr Z r6Zm,Z’, 6’dZ6ldm6) –6d’h
vZ’,r vd ]9mr-,d’ 6gd ]Zrd 9– ]k2r6d’d, -l12’-6-dr: vg-]g
vd Z’d Z&kd 69 6’dZ6 rdl-hgd2’-r6-]Zkkx u-Z 6gd -m6’9,2]h
6-9m 9– Z ]k2r6d’-m4 1’9&Z&-k-6x)

op Fr9iY6d, Fl12.h6hdr

N1d’Z6-m4 2m,d’ 6gd Zrr2l16-9m 6gZ6 -l12’-6-dr Z’d
-r9kZ6d,: ei i -l12’-6-dr ,9 m96 9]]21x md-4g&9’-m4 r-6dr:
6gd rdk–hdmd’4x ]Zm &d 6Zjdm Zr 6gd m2l&d’ 9– -l12’-6-dr
6-ldr 6gd ,-r9’,d’ Zud’Z4d, ShlZ6’-w –9’ Z r-m4kd -l12h
’-6x: Σii 9 MgknRii ) Sgd -mfim-6d ShlZ6’-w rd’-dr ]Zm
&d r2lld, ZmZkx6-]Zkkx: vg-]g vd ,-r]2rr -m 11dm,-w
) E’9l 6g-r rd’-dr: 6gd ShlZ6’-w rdk–hdmd’4x –9’ -r9kZ6d,

g911-m4 -l12’-6-dr 9m 6gd r.2Z’d kZ66-]d: -m 6d’lr 9– 6gd
,-ldmr-9mkdrr g911-m4 ]9’’d]6-9m q· Zm, 6gd -l12’-6x ]9mh
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B -r 4-udm &x

ΣN (ω.R( 9
q·σ

c(ω(
X(ω(ξ1i ) a(ω(ξi ) b(ω(


. pt(

vgd’d vd gZud ,dfimd, 6gd ]9dffi]-dm6r Zr

X(ω( 9 q·e(ω(. pfl(
a(ω( 9 1(0 ) q·(ωe(ω( 0((. pfi(
b(ω( 9 ωq·(ωe(ω( ) 0(. p7(
c(ω( 9 q·1(ωe(ω( 0( 1q·(ωe(ω( 0( 0. ps(

Sgd –9’l 9– 6g-r ShlZ6’-w &Zrd, rdk–hdmd’4x -r r-l-kZ’
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6gd 1gxr-]r 9– 6gd l9,dk) Vd 1d’–9’l 6g-r ZmZkxr-r v-6g
6gd rZld 1Z’Zld6d’r: q,A 9 +.6 Zm, qAA 9 0.0 Zr &dh
–9’d) Vd ,9 m96 ,-r]2rr ,-fd’dm6 uZk2dr 9– (q,A . qAA(
&d]Z2rd –9’ 6gd ’d4-ld vgd’d 92’ Z11’9Z]g -r Z11k-]Z&kd
6gd rdk–hdmd’4x Σ ∝ (q··(1: vg-]g 6dkkr 2r 6gZ6 Z ]gZm4d -m

1Z’Zld6d’r v-kk l9r6kx i2r6 -m]’dZrd 6gd r6’dm46g 9– Zm
9&rd’ud, dfd]6 &26 m96 -6r mZ62’d)

E-’r6: vd ]9l1Z’d 6gd rdk– dmd’4x –9’ uZ’-92r Z1h
1’9Z]gdr -m E-4) 3) M96d 6gZ6 –9’ 6gd 12’19rd 9– u-r2Zk
]kZ’-6x vd gZud 2rd, η 9 +.+4 ’Z6gd’ 6gZm η 9 +.+0 -m
6gd 1k96 –9’ 6gd rdk– dmd’4x) Hm 6gd 1d’62’&Z6-ud ’d4-ld:
vgdm q,A Zm, qAA Z’d &96g ’dZr9mZ&kx ]k9rd 69 6gd 9’-4h
-mZk g911-m4 q: vd 9&rd’ud 6gZ6 6gd lZ-m dfd]6 9– -lh
12’-6x ]k2r6d’-m4 -r -l1’-m6d, 9m 6gd -lZ4-mZ’x 1Z’6 9–
6gd rdk–hdmd’4x) Hm 6gd ’dZk 1Z’6 -6 1’-lZ’-kx kdZ,r 69 Z
’dm9’lZk-yZ6-9m 9– 6gd &Zm,v-,6g) H6 -r ,9l-mZ6d, &x 6gd
6d’l Z6 fi’r6 9’,d’ -m 6gd g911-m4 ]9’’d]6-9mr: vg-]g -m
6gd 1d’62’&Z6-ud ’d4-ld gZr Z ’dkZ6-udkx rlZkk dfd]6 ,2d
69 -l12’-6x ]k2r6d’-m4)

Mdw6: -m E-4) t vd 1k96 6gd r1d]6’Zk –2m]6-9m Zm,
.2Zr-1Z’6-]kd k-–d6-ld: ]9l126d, –’9l 6gd rdk– dmd’4x Zr
/(ω.R( 9 0

π =c{A(ω.R({ Zm, τ(ω.R( 9 0
1 =I{ { ) Vd

fim, 6gZ6 6gd r1d]6’Zk –2m]6-9m /(ω.R(: l2]g k-jd 6gd ’dZk
1Z’6 9– 6gd rdk–hdmd’4x: ]gZm4dr ud’x k-66kd ,2d 69 -l12’-6x
]k2r6d’-m4) G9vdud’: 6gd .2Zr-h1Z’6-]kd k-–d6-ld -r r-4m-–h
-]Zm6kx ,-fd’dm6) Bk2r6d’-m4 9– -l12’-6-dr gd’d kdZ,r 69
r-4m-fi]Zm6 r211’drr-9m 9– .2Zr-h1Z’6-]kd k-–d6-ldr –9’ l9r6
9– 6gd dmd’4x ’Zm4d)

Vd ]Zm u-r2Zk-yd 6g-r dfd]6 dudm &d66d’: -– vd dwZl-md
6gd .2Zr-1Z’6-]kd k-–d6-ld Zk9m4 6gd ’dm9’lZk-yd, dmd’4x
&Zm, 9– 6gd l9,dk: τ(ξ·i.R() Hm E-4) fl vd gZud 1k966d, 6gd
.2Zr-h1Z’6-]kd k-–d6-ld –9’ ,-fd’dm6 uZk2dr 9– 6gd ]k2r6d’h
-m4 1’9&Z&-k-6x n) Ad]Z2rd 6gd dmd’4x &Zm, 9– 6gd l9,dk
Zk9m4 vg-]g vd vZm6 69 ]9l126d 6gd k-–d6-ld -r ’dm9’lZkh
-yd, &x 6gd ,-r9’,d’: vd 6Zjd 6g-r ’dm9’lZk-yZ6-9m –’9l
6gd fi’r6 9’,d’ 9– 6gd ShlZ6’-w: ξ·i 9 (0) 1σq· σn

1 q··(ξi:
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EHF) tc R1d]6’Zk –2m]6-9m p691( Zm, .2Zr-1Z’6-]kd
k-–d6-ld p&9669l( –9’ 6gd 6g’dd ]9l126Z6-9m ld6g9,r)

B9k2lm o pZ:,( Z’d 6gd ’dr2k6 9– 6gd m2ld’-]Zk
Zud’Z4-m4 9– fim-6d l9,dk F’ddm“r –2m]6-9mr: vg-kd
]9k2lm 3 p&:d( Zm, ]9k2lm t p]:–( Z’d 6gd ShlZ6’-w

’dr2k6r md4kd]6-m4 Zm, -m]k2,-m4 md-4g&9’-m4 -l12’-6-dr:
’dr1d]6-udkx) Sgdrd 1k96r Z’d ]9l126d, –9’ 1Z’Zld6d’r
(σ. q,A . qAA( 9 (+.+4. +.6. 0.0( Z6 Zm -l12’-6x ]k2r6d’-m4

9– n 9 +.2

EHF) flc P2Zr-1Z’6-]kd k-–d6-ld Zk9m4 ’dm9’lZk-yd, &Zm,
ξ·i: v-6g uZ’x-m4 ]k2r6d’ 1Z’Zld6d’ n)

vg-]g -r 6gd ,9l-mZm6 ’dZk 1Z’6 9– 6gd rdk–hdmd’4x Zm,
6g2r 6gd ,9l-mZm6 ]9m6’-&26-9m 69 6gd ’dr]Zk-m4 9– 6gd
dmd’4x &Zm,) Vd 9&rd’ud 6gZ6 v-6g -m]’dZr-m4 ]k2r6d’-m4
1’9&Z&-k-6x n: 6gd’d -r Z 4dmd’Zk 5Z66dm-m4 9– 6gd k-–d6-ld)
LZw-lZ: 1’du-92rkx k9]Z6d, &d6vddm rxlld6’x 19-m6r H
Zm, Zm, Z6 Uh 6gZ6 -r r1d]-fi]Zkkx Z6 6gd 19-m6r vgd’d
ξi 9 +: Z’d r-4m-fi]Zm6kx 5Z66dmd, Zm, vd 9&rd’ud 6gdl
r1k-66-m4 -m69 6v9 1dZjr) Sg-r dfd]6 ,9dr m96 ,d1dm, 9m
vgd6gd’ qAA -r kZ’4d’ 9’ rlZkkd’ 6gZm q: Zr 6gd 6d’l ’dh
r19mr-&kd –9’ 6gdrd dfd]6r -r ∝ (q··(1 Zm, 6gd’d–9’d 9mkx
,d1dm,r 9m 6gd ,-fd’dm]d)

Vd m9v ’d62’m 69 Zm 9&rd’uZ6-9m lZ,d 1’du-92rkx ,2’h
-m4 92’ ,-r]2rr-9m 9– 6gd -r9kZ6d, -l12’-6x Z11’9w-lZh
6-9mc Z6 ω 9 + 6gd m2ld’-]Zkkx ]9l126d, CNR v-6g ’Zmh
,9l md-4g&9’-m4 -l12’-6-dr vZr rlZkkd’ 6gZm 6gd uZk2d
dw1d]6d, –’9l 6gd ZmZkx6-]Zk ’dr2k6 v-6g-m 6gd -r9kZ6d,
-l12’-6x Z11’9w-lZ6-9m) S9 -mudr6-4Z6d 6g-r –2’6gd’: Zm,
,d6d’l-md vgd6gd’ 6g-r lZx &d Z ]k2r6d’-m4h’dkZ6d, d–h

EHF) fic Yd’9hdmd’4x ,dmr-6x 9– r6Z6dr –9’ ,-fd’dm6
-l12’-6x ]9m]dm6’Z6-9mr Zr 6gdx uZ’x v-6g 6gd ]k2r6d’-m4

1Z’Zld6d’)

–d]6: vd m2ld’-]Zkkx -m6d4’Z6d 6gd F’ddm“r –2m]6-9m Zr
]9’’d]6d, v-6g 6gd -l12’-6x ]k2r6d’ rdk– dmd’4x Z6 ω 9 +)
Sgd ’dr2k6r Z’d rg9vm -m E-4) fi) Vd 9&rd’ud 6gZ6 -mh
]’dZr-m4 ]k2r6d’-m4 pkZ’4d’ ]k2r6d’-m4 1’9&Z&-k-6x n( kdZ,r
69 Z ,d]’dZrd -m 6gd ,dmr-6x 9– r6Z6dr Z6 ω 9 +) Sg-r ,dh
]’dZrd -r Z4Z-m Z66’-&26Z&kd 69 6gd 6d’l -m 6gd rdk–hdmd’4x
∝ (q··(1: Zm, v-kk &d 9&rd’ud, v-6g Zmx uZk2dr q,A Zm,
qAA ) G9vdud’: 6gd lZ4m-62,d 9– 6gd ,d]’dZrd 1’d,-]6d,
69 9]]2’ –9’ kZ’4d’ ]k2r6d’-m4 9– -l12’-6-dr -r rlZkkd’ 6gZm
6gd ,-fd’dm]d 9&rd’ud, &d6vddm 6gd CNR ]2’udr -m E-4)
o: r244dr6-m4 6gZ6 6g-r 1Z’6-]2kZ’ ,-r]’d1Zm]x -r ’dkZ6d,
69 6gd ,-fd’dm]d -m 6gd ]9l126Z6-9m ld6g9, ’Z6gd’ 6gZm
’d1’drdm6Z6-ud 9– -m6d’dr6-m4 1gxr-]r)

E-mZkkx: vd ]9mr-,d’ Z k9m4hr6Zm,-m4 –dZ62’d 9– ,-r9’,d’
l9,dkr bofl[: k9]Zk-yZ6-9m) Nmd lZx ]Z162’d m2ld’-]Zkkx
g9v k9]Zk-yd, 6gd r6Z6dr -m Z 4-udm 1gxr-]Zk rxr6dl Z’d
v-6g 6gd r9h]Zkkd, -mud’rd 1Z’6-]-1Z6-9m ’Z6-9 pHOQ() S9
4d6 Zm 9ud’Zkk ldZr2’d 9– 6gd kdudk 9– k9]Zk-yZ6-9m 1’drdm6
-m 92’ rxr6dl vd r2l 6gd HOQ –9’ Zkk r6Z6dr Zr &dk9v:

=IP 9
∑

g.i

|ψi(rg(|2. po7(

S9 4d6 Z ’dr2k6 uZk-, –9’ uZ’-92r -l12’-6x ]9mfi42’Z6-9mr
vd Zud’Z4d 6gd -mud’rd 1Z’6-]-1Z6-9m ’Z6-9 pHOQ( 9ud’ oz
’dZk-yZ6-9mr 9– 6gd rxr6dl) Hm E-4) 7 vd gZud 1k966d, 6gd
HOQ –9’ uZ’-92r uZk2dr 9– -l12’-6x ,dmr-6x σ Zm, Zr Z
–2m]6-9m 9– ]k2r6d’-m4 1’9&Z&-k-6x n) Vd 9&rd’ud Zm -mh
]’dZrd -m 6gd HOQ: -m,-]Z6-m4 6gd ,d4’dd 9– 9ud’Zkk k9]Zkh
-yZ6-9m 1’drdm6 -m 6gd r6Z6dr -m]’dZrdr v-6g Zm -m]’dZrd -m
]k2r6d’-m4 1’9&Z&-k-6x: n)

Up BNMBKTRGNM

L96-uZ6d, &x 6gd jm9vm 19r-6-9mZk ]9’’dkZ6-9mr 9– -lh
12’-6-dr vg-]g Z’-rd -m 6gd ]9mfi42’Z6-9m 9– -l12’-6-dr
-m lZ6d’-Zkr: vd Z,916d, l2k6-1kd Z11’9Z]gdr 69 -mudrh
6-4Z6d 6gd dkd]6’9m-] 1’91d’6-dr 9– Z r.2Z’d kZ66-]d v-6g


