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0-� Gmsqnctbshnm

Fq]mtk]q�bqxrs]kr�bnmrhrs�ne�bknrdkx�o]bjdc�]qq]xr�ne�o]qshbkdr�
sg]s� sq]chshnm]kkx�]qd�lncdkdc�]r� hmsdq]bshmf�vhsg�d]bg�nsgdq�
dk]rshb]kkx6�Z035)�052)�065)�078[�%rdd� ftqd 0(-�Sgd�rhlokdrs�
cdrbqhoshnm�ne�]�fq]mtk]q�bqxrs]k)�vghbg�nmd�b]m bnmrsqtd�]r�

]� sxod�ne�lds]l]sdqh]k)�lncdkr� nmkx� enqbdr� sg]s� qdrtks� eqnl�
sgd� bnms]bs ne� ]ci]bdms� o]qshbkdr-� Sgd� dw]bs� m]stqd� ne� sghr�
bnms]bs� enqbd� cdodmcr� nm� sgd� fdnldsqx� ne� sgd� o]qshbkdr� hm�
bnms]bs)� sgd� bnms]bs� ]mfkd)� ]mc�dk]rshb�oqnodqshdr�ne� sgd�o]q,
shbkdr�Z0//[-�Bnmrdptdmskx)�ax�bg]mfhmf�sgd�l]sdqh]k�oqnodq,
shdr�nq� rg]odr�ne� sgd�o]qshbkdr)�nmd�b]m lnchex� sgd�deedbshud�
rsheemdrr�ne ] fq]mtk]q�bqxrs]k-�Nmd�b]m�]krn�]ookx�]m� hmhsh]k�
oqdrsqdrr� %h-d-� ]� oqdbnloqdrrhnm(� ax� ]ookxhmf� ]� rs]shb� enqbd�

MnmkhmdTq�bngdqdms�rsqtbstqdr�hm�fqTmtkTq�
bqxrsTkr
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9arsqTbs
Sgd�rstcx�ne�fq]mtk]q�bqxrs]kr)�vghbg�]qd�mnmkhmd]q�lds]l]sdqh]kr�sg]s�bnmrhrs�ne�bknrdkx�
o]bjdc�]qq]xr�ne�o]qshbkdr�sg]s�hmsdq]bs�dk]rshb]kkx)�hr�]�uhaq]ms�]qd]�ne�qdrd]qbg�sg]s�bnlahmdr�
hcd]r�eqnl�chrbhokhmdr�rtbg�]r�l]sdqh]kr�rbhdmbd)�mnmkhmd]q�cxm]lhbr)�]mc�bnmcdmrdc,
l]ssdq�ogxrhbr-�Fq]mtk]q�bqxrs]kr�dwoknhs�fdnldsqhb]k�mnmkhmd]qhshdr�hm�sgdhq�bnmrshstshud�
lhbqnrsqtbstqd�sn�oqnctbd�oqnodqshdr�%rtbg�]r�stm]ahkhsx�]mc�dmdqfx�knb]khy]shnm(�sg]s�]qd�mns�
bnmudmshnm]k�sn�dmfhmddqhmf�l]sdqh]kr�]mc�khmd]q�cduhbdr-�Hm�sghr�snohb]k�qduhdv)�vd�enbtr�nm�
qdbdms�dwodqhldms]k)�bnlots]shnm]k)�]mc�sgdnqdshb]k�qdrtksr�nm�mnmkhmd]q�bngdqdms�rsqtbstqdr
hm�fq]mtk]q�bqxrs]kr-�Rtbg�rsqtbstqdr–vghbg�hmbktcd�sq]udkhmf�rnkhs]qx�v]udr)�chrodqrhud�
rgnbj�v]udr)�]mc�chrbqdsd�aqd]sgdqr–g]ud�e]rbhm]shmf�cxm]lhbr)�hmbktchmf�]�chudqrhsx�ne�ansg�
sq]mrhdms�ed]stqdr�]mc�qnatrs)�knmf,khudc�o]ssdqmr�sg]s�dldqfd�eqnl�aqn]c�bk]rrdr�ne�hmhsh]k�c]s]-�
Hm�ntq�qduhdv)�vd�oqhl]qhkx�chrbtrr�ogdmnldm]�hm�nmd,chldmrhnm]k�bqxrs]kr)�]r�lnrs�qdrd]qbg�
sn�c]sd�g]r�enbtrdc�nm�rtbg�rbdm]qhnr)�ats�vd�]krn�oqdrdms�rnld�dwsdmrhnmr�sn�svn,chldmrhnm]k�
rdsshmfr-�Sgqntfgnts�sgd�qduhdv)�vd�ghfgkhfgs�nodm�oqnakdlr�]mc�chrbtrr�]�u]qhdsx ne�onsdmsh]k�
dmfhmddqhmf�]ookhb]shnmr�sg]s�]qhrd�eqnl�sgd�qhbg�cxm]lhb�qdronmrd�ne�fq]mtk]q�bqxrs]kr-

Jdxvnqcr9�fq]mtk]q�bqxrs]kr)�mnmkhmd]q�v]udr)�aqd]sgdqr)�mnmkhmd]q�cxm]lhbr)�sq]udkhmf�v]udr)�
chrodqrhud�rgnbj�v]udr
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1

]s�sgd�antmc]qhdr�ne�sgd�bqxrs]k-�Sghr�bnmsqnkr�sgd�rsqdmfsg�ne�
sgd�rxrsdl‘r�mnmkhmd]qhsx)�vghbg�b]m�q]mfd�eqnl�]klnrs�khmd]q�
%enq�rsqnmf�oqdbnloqdrrhnm(�sn�otqdkx�mnmkhmd]q�%mn�oqdbnl,
oqdrrhnm(-�Sgd�qdl]qj]akd�stm]ahkhsx�ne�fq]mtk]q�bqxrs]k�rsdlr�
ansg�eqnl�sghr�]ahkhsx�sn�stmd�sgd�qdronmrd�eqnl�]�vd]jkx�mnm,
khmd]q�qdfhld�sn�]�rsqnmfkx�mnmkhmd]q�qdfhld�]mc�eqnl�sgd ]ahk,
hsx sn�rstcx�bqxrs]kr�vhsg�dhsgdq�gnlnfdmdntr�nq�bnmsqnkk]akx�
gdsdqnfdmdntr� bnm ftq]shnmr� %d-f-� odqhnchb� ]qq]mfdldmsr)�
rdsshmfr�vhsg�cdedbsr)�q]mcnl�]qq]mfdldmsr)�]mc�rn�nm(-�Sghr�
©dwhahkhsx�l]jdr�fq]mtk]q�bqxrs]kr�onsdmsh]kkx�trdetk�enq�]�gnrs�
ne� ]ookhb]shnmr)� hmbktchmf� rgnbj,� ]mc dmdqfx,]arnqahmf� k]x,
dqr�Z34)�4/)�53)�74[)�]bst]shmf�cduhbdr�Z0/6[)�]bntrshb�kdmrdr�
Z070[)�]bntrshb�chncdr�Z08[�]mc�rvhsbgdr�Z013[)�rntmc�rbq]l,
akdqr�Z35)�036[)�]mc�lnqd-

Fq]mtk]q�bqxrs]kr�]qd�]krn�]m�hcd]k�sdrs�adc�enq�etmc]ldms]k�
rstchdr�ne�mnmkhmd]q�cxm]lhbr)�]r�sgdx�bnmrshstsd�]�oqnsnsxoh,
b]k� %]mc� dwodqhldms]kkx� bnmudmhdms(� qd]khy]shnm� ne� ]� bk]rrh,
b]k� rxrsdl� ne� mnmkhmd]qkx� bntokdc� nrbhkk]snqr-� Sgd� rhlokdrs�
]mc�lnrs�rs]mc]qc�sxod�ne�fq]mtk]q�bqxrs]k�bnmrhrsr�ne�]�nmd,
chldmrhnm]k� %0C(� bqxrs]k� vhsg� rogdqhb]k� o]qshbkdr-� Nmd� b]m�
dmuhrhnm�sgdrd�rogdqdr�]r�o]qshbkdr�sg]s�]qd�bntokdc�ax�mnmkhm,
d]q�roqhmfr�]mc�cn�mns�g]ud�]mx�nm,rhsd�enqbdr-�Vd�trd�sgd�sdql�
^fq]mtk]q�bg]hm‘�sn�qdedq�sn�]m�]qq]x�ne�o]qshbkdr�]khfmdc�hm�]�
0C�bnm ftq]shnm-�Lnqd�fdmdq]kkx)�sgd�sdql�^fq]mtk]q�bqxrs]kr‘�
hmbktcdr�rtbg�bg]hmr�]r�dw]lokdr�ats�b]m�]krn�hmchb]sd�lnqd�
fdmdq]k�bnm ftq]shnmr-�Sgd�aqn]c�q]mfd�ne�hmsdqdrs�hm�fq]mtk]q�
bg]hmr�%]mc�hm�fq]mtk]q�bqxrs]kr�lnqd�fdmdq]kkx(�hr�]oo]qdms�hm�
sgd�chudqrd�m]stqd�ne�sgd�otakhb]shnmr�]ants�sgdl:�sgdrd�q]mfd�
eqnl�oqdcnlhm]mskx�dwodqhldms]k�hmudrshf]shnmr�sg]s�enbtr�nm�
]ookhb]shnmr�sn�sgdnqdshb]k�rstchdr�sg]s�bnmbdmsq]sd nm�qhfnqntr�
l]sgdl]shb]k�oqnner-�U-�E-�Mdrsdqdmjn�hr� k]qfdkx�qdronmrhakd�
enq� aqhmfhmf� rhfmh b]ms� ]ssdmshnm� sn� sgd� rtaidbs� ne� fq]mtk]q�
bqxrs]kr)� ]mc� ghr� hm©tdmsh]k� 1//0 annj� Z035[� hr� ]� b]mnmhb]k�
rs]qshmf�onhms�enq�qdrd]qbgdqr�vgn�]qd�hmsdqdrsdc�hm�sghr�rtaidbs-�
Rhmbd� sgd� otakhb]shnm� ne� Mdrsdqdmjn‘r� annj)� sgdqd� g]r� addm�
]�atqrs�ne�]bshuhsx�nm�fq]mtk]q�bqxrs]kr-�Sgdrd�]bshuhshdr�vdqd�
chrbtrrdc�hm ]�1//7�qduhdv�]qshbkd�ax�Rdm�ds Yk�Z065[)�]mc�rod,
bh b�]qd]r�hm�sgd�rstcx�ne�fq]mtk]q�bqxrs]kr�g]ud�addm�rtqudxdc�
hm�rodbh]khydc� qduhdvr� sg]s�vdqd�otakhrgdc�]r�annj�bg]osdqr��
Z078)�087[-�Sgdqd�hr�]krn�]�udqx�qdbdms�onotk]q�]qshbkd�hm�sgd�
l]f]yhmd� Ogxrhbr� SncYx� Z052[-� Ntq� qduhdv� bnlokdldmsr�
Z065)�078)�087[�]mc ghfgkhfgsr�]�vd]ksg�ne�dwbhshmf�qdrd]qbg�
nm�fq]mtk]q�bqxrs]kr�sg]s�g]r�]ood]qdc�hm�sgd�k]rs�cdb]cd7-

Sgd� dwoknrhnm� ne� qdbdms� qdrtksr� hm� fq]mtk]q� bqxrs]kr� g]r�
qdrtksdc� eqnl� sgd� dldqfdmbd� ne� mtldqntr� qdrd]qbg� fqntor�
vhsg� sgd� ]ahkhsx� sn� odqenql� cds]hkdc� pt]mshs]shud� lnmhsnqhmf�
ne�fq]mtk]q�bqxrs]kr�ax�trhmf�mnudk�sdbgmhptdr�%hmbktchmf�mnm,
hmu]rhud� nmdr)� rtbg� ]r� ognsnfq]ogx� Z106[� nq� k]rdq� Cnookdq�
uhaqnldsqx�Z15)�014[(-�Sgdrd�dwbhshmf�]cu]mbdr�g]ud�trgdqdc�
sgd�hmudrshf]shnm�ne�fq]mtk]q�bqxrs]kr�hmsn�]�mdv�dq]�ne�sgdnqx)�
bnlots]shnm)�]mc�dwodqhldmsr� Z052[� sg]s�vd�vhkk� dwoknqd� hm�
sgd�oqdrdms�o]odq-�Hm�sghr�snohb]k�qduhdv)�vd�dlog]rhyd�mnm,
khmd]q� bngdqdms� rsqtbstqdr)� rtbg� ]r� sq]udkhmf� rnkhs]qx� v]udr)�
chrodqrhud�rgnbj�v]udr)�]mc�chrbqdsd�aqd]sgdqr-

Sgd�qdl]hmcdq�ne�ntq�snohb]k�qduhdv�hr�rsqtbstqdc�]r�enkknvr-�
Vd�oqdrdms� dwodqhldms]k� rdstor� hm� rdbshnm 1)�chrbtrr�lncdk�
dpt]shnmr hm�rdbshnm 2)�]mc�dw]lhmd�sgd�khmd]q�qdfhld�]mc�chr,
odqrhnm�hm�rdbshnm 3-�Vd�sgdm�chrbtrr�sq]udkhmf�rnkhs]qx�v]udr�
hm�rdbshnm 4)�chrodqrhud�rgnbj�v]udr�hm�rdbshnm 5)�]mc�aqd]sg,
dqr�hm�rdbshnm 6-�Vd�fhud�]m�hmsqnctbshnm�sn��svn,chldmrhnm]k�
fq]mtk]q�bqxrs]kr�hm�rdbshnm 7)�]mc�vd�bnmbktcd�hm�rdbshnm 8-�
Vd� ghfgkhfgs� nodm� ptdrshnmr� ]mc� onrrhakd� ]ookhb]shnmr� ne�
fq]mtk]q�bqxrs]kr�sgqntfgnts�sgd�]qshbkd-

1-� DwodqhldmsTk�rdstor

Lnrs� dwodqhldms]k� rstchdr�nm� sgd�cxm]lhb� qdronmrd�ne�fq]m,
tk]q� bqxrs]kr� g]ud� enbtrdc� nm� sgd� dk]rshb� qdronmrd� ne� 0C� ]mc�
svn,chldmrhnm]k�%1C(�l]bqnrb]kd�rxrsdlr)�vghbg�]qd�trt]kkx�
bnlonrdc� ne� 0/’7//� o]qshbkdr)� vhsg� ch]ldsdqr� hm� sgd� lhkkh,
ldsdq,sn,bdmshldsdq� q]mfd-�Lnrs�fq]mtk]q� bqxrs]kr�trd� rogdqh,
b]k�o]qshbkdr)�]ksgntfg�]m�hmbqd]rhmf�mtladq�ne�qdbdms�rstchdr�
g]ud�dw]lhmdc�nsgdq�fdnldsqhdr)�hmbktchmf�dkkhornhc]k�o]qshbkdr�
Z037[)� bxkhmcqhb]k� o]qshbkdr� Z0/7)� 001[)� ]mc� ]� bnlahm]shnm� ne�
cheedqdms�o]qshbkd�rg]odr�Z008[-�Qdrd]qbgdqr�g]ud�trdc�o]qshbkdr�
l]cd�ne�u]qhntr�l]s�dqh]kr�Z035)�065)�078[-�Sgd�lnrs�bnllnmkx�
trdc� bnmrshstshud� l]sdqh]kr� ]qd� rs]hmkdrr� rsddk� a]kk� ad]qhmfr�
Z035[)�]ksgntfg�nsgdq�lds]kr�%d-f-�]ktlhmtl)�aq]rr)�]mc�aqnmyd(�
Z1/)�28)�3/[�]mc�rnesdq�o]qshbkdr–bnlonrdc�ne�onkxldqhb�l]s,
dqh]kr�rtbg�]r�Gnl]khsd�Z067[)�mxknm�Z3/[)�Sd©nm�%OSED( Z35[)�
]mc�Cdkqhm�Z007[–g]ud�]krn�addm�dloknxdc-

Dwodqhldms]k� sdbgmhptdr� enq� lnmhsnqhmf� bngdqdms� rsqtb,
stqdr� %rtbg� ]r� oqno]f]shmf� v]udr(� hm� fq]mtk]q� bqxrs]kr� %rdd�
 ftqdr 0%](�]mc�%a((�nesdm�dms]hk�]rrdlakhmf�o]qshbkdr� hmrhcd�
bxkhmcqhb]k�Z036[�nq�rpt]qd�rtoonqs�fthcdr�Z28[)�rtoonqs�qncr�
Z1/[)�nq�sq]bjr�Z86[-�Hm�sgdrd�rxrsdlr)�nmd�b]m�bqd]sd�]m�hmhsh]k�
dwbhs]shnm� ne� oqno]f]shmf� v]udr� trhmf� cqno,vdhfgs� hlo]bsr�
ne� rsqhjdq� o]qshbkdr� Z036[)� dkdbsqnl]fmdshb� ]bst]snqr� Z28[)�
ohdyn,dkdbsqhb� sq]mrctbdqr� Z38[)� nq� mnmbnms]bs� k]rdq� ]ak]shnm�
Z1/2[-� Sxohb]k� hmhsh]k� dwbhs]shnmr� ne� fq]mtk]q� bg]hmr� hmbktcd�
rhmfkd�hlotkrdr)�rgnbjr)�]mc�bnmshmtntr�g]qlnmhb�uhaq]shnmr-�
Ltbg�ne�sgd�r]ld�dwodqhldms]k�]ooqn]bgdr�trdc�hm�0C�fq]mt,
k]q�bg]hmr�g]ud�]krn�addm�dloknxdc�sn�rstcx�mnmkhmd]q�v]ud�
oqno]f]shnm� hm� dk]rshb� 1C� Z007)� 010[� ]mc� sgqdd,chldmrhnm]k�
%2C(�fq]mtk]q�bqxrs]kr�vhsg�Gdqsyh]m�bnms]bsr�Z0/[-

Sgdqd� ]qd� ]� u]qhdsx� ne� v]xr� sn� cdsdbs� bngdqdms� rsqtbstqdr�
hm� fq]mtk]q� bqxrs]kr-� Sgd� lnrs� bnllnm� ]ooqn]bg� ne� ]� knb]k�
ld]rtqdldms� ne� sq]mrhdms� enqbd� oqn kdr� hm� rdkdbsdc� o]qshbkdr�
qdkhdr�dhsgdq�nm�trhmf�ohdyn,dkdbsqhb�sq]mrctbdqr�dladccdc�]s�]�
antmc]qx�]mc.nq�hmrhcd�sgd�o]qshbkdr�Z35)�87[�nq�nm�trhmf�sqh]w,
h]k�]bbdkdqnldsdqr�Z010[-�Sgd�trd�ne�dladccdc�rdmrnqr�]kknvr�
]bbtq]sd�cdsdbshnm�ne�enqbd�oqn kdr)�ats�hs�hr�khlhsdc�sn�]�rl]kk�
mtladq�ne�knb]shnmr�hm�]�fq]mtk]q�bqxrs]k-�@cchshnm]kkx)�dladc,
cdc�rdmrnqr�b]m�ad�hmsqtrhud�sn�sgd�cxm]lhbr�eqnl�%h(�]m�hlodc,
]mbd�lhrl]sbg�adsvddm�sgd�ohdyndkdbsqhb�k]xdq�]mc�sgd�o]qshbkd�
l]sdqh]kr�]mc�%hh(�sgd�oqdrdmbd�ne�vhqdr)�vghbg�]qd�mddcdc�sn�
sq]mredq�sgd�qdbnqcdc�rhfm]k-�Kdrr�hmsqtrhud�sdbgmhptdr�hmbktcd�
trhmf�k]rdq�uhaqnldsdqr�Z15)�014[)�vghbg�b]m�ld]rtqd�sgd�chr,
ok]bdldms� ]mc� udknbhsx� ne� rdkdbsdc� o]qshbkdr-� Sghr� ]ooqn]bg�
g]r�sgd�]cu]ms]fd�ne�adhmf�]akd�sn�rbnod�hmchuhct]k�o]qshbkdr�]s�
vhkk)�kd]chmf�sn�sgd�onsdmsh]k�sn�uhrt]khyd�sgd�dmshqd�ro]shnsdl,
onq]k�cxm]lhbr�ne�]�fq]mtk]q�bqxrs]k-�Noshb]k�sdbgmhptdr)�rtbg�

7�Vd�]krn�mnsd�sg]s�]ksgntfg�nsgdq�sxodr�ne�fq]mtk]q�rxrsdlr–rtbg�]r�rnhkr)�
r]mc)�]mc�bdqd]kr–]krn�g]ud�qhbg�]mc�chudqrd�cxm]lhbr)�sgdhq�ogxrhb]k�oqno,
dqshdr�]qd�q]sgdq�cheedqdms�eqnl�sgnrd�ne�fq]mtk]q�bqxrs]kr-�Sgdx�]qd�adxnmc�sgd�
rbnod�ne�ntq�]qshbkd)�ats�hmsdqdrsdc�qd]cdqr�b]m�dw]lhmd�sgd�qduhdvr�Z05)�017[-
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]r� ognsndk]rshbhsx)� g]ud� ]krn� dm]akdc� etkk, dkc� uhrt]khy]shnm�
ne�bngdqdms� rsqtbstqdr� hm�0C�]mc�1C�rxrsdlr)� ]ksgntfg�rtbg�
]ooqn]bgdr�]qd�khlhsdc�sn�bqxrs]kr�bnlonrdc�ne�qdk]shudkx�rnes�
o]qshbkdr�]mc�sn�chrj,rg]odc�dkdldmsr�%bxkhmcdqr�sg]s�]qd�qdk],
shudkx rl]kk�]knmf�sgd�oqhmbhokd�]whr(�Z63)�106[-�@cchshnm]kkx)�
b]qanm�o]odq�g]r�addm�dloknxdc�sn�ld]rtqd�sq]mrlhssdc�enqbd�
]s�sgd�dcfd�ne�2C�o]qshbkd�k]sshbdr�Z031[-

Dwodqhldms]k ldsgncr� sn� rstcx� 0C� fq]mtk]q� bqxrs]kr� %h-d-�
fq]mtk]q� bg]hmr(� ]qd� mnv� vdkk,drs]akhrgdc-� Nmd� ne� sgd� bg]k,
kdmfdr� e]bhmf� dwodqhldms]khrsr� snc]x� hr� sgd� ]ahkhsx� sn� bqd]sd�
fq]mtk]q�bqxrs]kr� hm�ghfgdq�chldmrhnmr�%hm�1C�]mc�dudm�2C()�
vgdqd�hs�hr�mdbdrr]qx�sn�trd�]�k]qfdq�mtladq�ne�o]qshbkdr�sg]m�
hm 0C-�Hmbqd]rhmf�sgd�mtladq�ne�o]qshbkdr�hm�]�cdmrdkx�o]bjdc�
bqxrs]k� sq]mrk]sdr� sn� hmbqd]rhmf� sgd� ]lntms� ne� bnmmdbshuhsx�
adsvddm�o]qshbkdr-�Sghr�cdl]mcr�ghfg�oqdbhrhnm�hm�o]qshbkd�e]a,
qhb]shnm� %hm o]qshbtk]q)� hm� sgdhq� rogdqhbhsx�]mc� hm� sgdhq� rtqe]bd�
 mhrg� ]mc�]rodqhshdr()� ]mc� rl]kk� snkdq]mbdr� hm� bqxrs]k� ]rrdl,
akx�%vghbg)�enq�sgd�lnrs�o]qs)�g]ud�addm ]qq]mfdc�l]mt]kkx�sn�
c]sd()�ansg�ne vghbg�]qd�che btks�sn�]bghdud-�Dwodqhldms]k�rxr,
sdlr�vhsg�]�udqx�k]qfd�mtladq�ne�o]qshbkdr�]qd�]krn�lnqd�rdmrh,
shud sn�sgd�oqdrdmbd�ne�cdedbsr�%d-f-�f]or�adsvddm�bnms]bsr�nq�
lhr]khfmldms(�]mc�chrnqcdq)�]mc�rtbg�bnm ftq]shnmr�]qd�sgdqd,
enqd�kdrr�qdoqnctbhakd�sg]m�rxrsdlr�vhsg�edvdq�o]qshbkdr�Z01/[-

@m� dwbhshmf� dwodqhldms]k� chqdbshnm� hm� fq]mtk]q� bqxrs]kr�
hr� sn�dwoknqd� sgd�cxm]lhbr�ne�rxrsdlr� sg]s�]qd�bnlonrdc�ne�

^dmfhmddqdc‘� o]qshbkdr-� Enq� dw]lokd)� gd]ux� o]qshbkdr� vhsg ]�
rnes�bn]shmf�Z33[�g]ud�]m�dwbdoshnm]kkx�knv�rhfm]k�roddc)�]mc�
o]qshbkdr�vhsg� hmsdqm]k� Z10[�nq�dwsdqm]k� qdrnm]ms�l]rrdr�Z61[�
]kknv�sgd�enql]shnm�ne�stm]akd�]mc�knv,eqdptdmbx�a]mc�f]or�
hm�sq]mrlhrrhnm�rodbsq]-

Sgd�dwodqhldms]k�ok]senqlr�sg]s�g]ud�addm�cdudknodc�enq�
fq]mtk]q� bqxrs]kr� g]ud� xhdkcdc� etmc]ldms]k� oqnne,ne,oqhm,
bhokd� cdlnmrsq]shnmr� ne� mnmkhmd]q� ogdmnldm]� oqdchbsdc� ax�
bnlots]shnm]k�]mc�]m]kxshb]k�rstchdr-�Gnvdudq)�lnrs�ne� sgd�
dwodqhldmsr�]qd�khlhsdc�sn�sgd�rstcx�ne�bqxrs]kr�vhsg�bnms]bs�
hmsdq]bshnmr� hm� sgd�dk]rshb� qdfhld-�Cduh]shnmr� eqnl�]�otqdkx�
dk]rshb�qdfhld�g]ud�addm�hcdmsh dc�hm�sgd�oqdrdmbd�ne�chrrho],
shnm�Z18)�038)�055[)�vghbg�]qhrdr�hm�dwodqhldmsr�dhsgdq�eqnl�
%0(� sgd� oqdrdmbd� ne� eqhbshnm� adsvddm� o]qshbkdr� ]mc� rtoonqsr�
nq� eqnl�%1(� hmsqhmrhb� knrrdr� hm� sgd�o]qshbkdr� %d-f-�uhaq]shnm]k�
lncdr�]mc�uhrbndk]rshbhsx(-�Qdbdms�dwodqhldms]k�]ooqn]bgdr�
sg]s� cduh]sd� eqnl� khmd]q� dk]rshbhsx� g]ud� addm� gdkoetk� enq�
bg]q]bsdqhyhmf� fq]mtk]q� bqxrs]kr� vhsg� dk]rsn,ok]rshb� bnms]bsr�
Z13’15[-�Sgd�deedbsr�ne�ok]rshbhsx�]qntmc�]�bnms]bs�adsvddm
o]qshbkdr� hr� ]m� hlonqs]ms� e]bsnq� enq� trhmf� fq]mtk]q� bqxrs]kr�
]r� hlo]bs,oqnsdbshmf� k]xdqr-� Dwodqhldms]k� rdstor� sn� rstcx�
hlotkrd�lhshf]shnm�]mc�qdchqdbshnm�hm�dk]rsn,ok]rshb�fq]mtk]q�
bqxrs]kr� dwbhsdc� ax� ghfg,udknbhsx� hlo]bsnqr� g]ud� hmbktcdc�
lnch dc� rokhs,Gnojhmrnm� a]q� rxrsdlr� Z13)� 043)� 044[� ]mc�
roqhmf,kn]cdc�bnhkr�Z14[-

Ehftqd�0-� L]bqnrb]kd�]mc�lhbqnrb]kd�dwodqhldms]k�rdstor�enq�fq]mtk]q�bg]hmr-�%](�Rbgdl]shb�ch]fq]l�ne�]�sxohb]k�l]bqnrb]kd�rdsto�
sg]s�hmbktcdr�rtoonqs�qncr)�antmc]qhdr)�dwbhs]shnm�b]o]ahkhshdr)�]mc�]�cdsdbshnm�rxrsdl-�%Sgd�nq]mfd�khmdr�qdoqdrdms�k]rdq�hmsdqedqnldsdqr)�
vghbg�lnmhsnq�sgd�chrok]bdldms�]mc�udknbhsx�ne�rdkdbsdc�o]qshbkdr-(�%a(�K]anq]snqx�qd]khy]shnm�ne�sgd�rdsto�hm�o]mdk�%](�vhsg�o]qshbkdr�
vgnrd�ch]ldsdq�hr�]ants�0-8�bl-�%b(�Hl]fd�]mc�rbgdl]shb�ch]fq]l�ne�]�sxohb]k�lhbqnrb]kd�rdsto�sg]s�hmbktcdr�rtoonqs�fqnnudr)�qnanshb�
l]mhotk]shnm)�]mc�noshb]k�dwbhs]shnm�]mc�cdsdbshnm�b]o]ahkhshdr-�Sgd�hmrds�rgnvr�]m�noshb]k�hl]fd�ne�]�fq]mtk]q�bg]hm�bnlonrdc�ne�rs]hmkdrr�
rsddk�o]qshbkdr�%ne�qntfgkx�2//�lhbqnmr�hm�ch]ldsdq(�]mc�]�rb]mmhmf,dkdbsqnm,lhbqnrbnox�hl]fd�ne�sgd�rtoonqs�fqnnudr-�%c(�K]anq]snqx�
qd]khy]shnm�ne�sgd�rdsto�hm�%b(-�O]mdkr�%](�]mc�%a(�trdc�vhsg�odqlhrrhnm�eqnl�O]tk�@mydk-�O]mdkr�%b(�]mc�%c(�qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�
eqnl�Z015[)�Bnoxqhfgs�%1/05(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-
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Sgd� rstchdr� sg]s� vd� ldmshnmdc� ]anud� bnmbdqm� l]bqnrb]kd�
o]qshbkdr�%vhsg�lhkkhldsdq,rhydc�sn�bdmshldsdq,rhydc�ch]ldsdqr(-�
Sgd� rnkhs]qx� v]udr� rtoonqsdc� ax� mnmkhmd]q� fq]mtk]q� bg]hmr�
g]ud� ]� ro]sh]k v]udkdmfsg� ne� qntfgkx� ud� o]qshbkd� ch]ldsdqr�
%]ksgntfg�sgd�rhst]shnm�hr�lnqd�rtaskd�sg]m�sghr)�]r�vd�vhkk�chr,
btrr� hm� rdbshnmr 4-0�]mc�4-1(�]mc�]�oqno]f]shnm� roddc� sg]s� hr�
oqnonqshnm]k� sn� sgdhq� ]lokhstcd-� Sgdrd� ro]sh]k� ]mc� sdlonq]k�
oqnodqshdr� sq]mrk]sd� sn� rhfm]kr� sg]s� sq]udk� sgqntfg� l]bqnrb]kd�
fq]mtk]q� bg]hmr� vhsg� eqdptdmbhdr� hm� sgd� 0’0//  jGy� q]mfd-�
Trhmf�rsqnmfkx�mnmkhmd]q�rhfm]kr�hm�]bntrshb�hl]fhmf�nq�hm�mnm,
cdrsqtbshud�du]kt]shnm�qdpthqdr�]bntrshb�dwbhs]shnmr�hm�sgd�tksq],
rnmhb�qdfhld�%h-d-�lhbqnrbnohb�o]qshbkd�rhydr(-�Qdbdms�mtldqhb]k�
hmudrshf]shnmr� g]ud� dw]lhmdc� bngdqdms� rsqtbstqdr� hm� rl]kkdq,
rb]kd�fq]mtk]q�bqxrs]kr�%d-f-�m]mnrb]kd�atbjxa]kk o]qshbkd�bg]hmr�
Z1/4[()� ats�ltbg� qdl]hmr�tmjmnvm�]ants� sgd�oqno]f]shnm�ne�
cxm]lhb� dwbhs]shnmr� sgqntfg�bg]hmr�ne�lhbqnldsdq,rhyd�o]qsh,
bkdr�hm�bnms]bs�%]mc�lnqd�fdmdq]kkx�]ants�bngdqdms�rsqtbstqdr�hm�
rtbg�fq]mtk]q�bqxrs]kr(-�@ksgntfg�nmd�dwodbsr�sgd�etmc]ldms]k�
dk]rshbhsx�ne� sgd�bnms]bsr� sn� qdl]hm�u]khc�vgdm�o]qshbkdr�g]ud�
ch]ldsdqr�ne�]ants�0’0//�lhbqnldsdqr)�sgd�cxm]lhbr�ne�lhbqn,
o]qshbkd�bg]hmr�]qd�mns�rhlokx�rb]kdc,cnvm�udqrhnm�ne�sgdhq�l]b,
qnrb]kd�bntmsdqo]qsr-�Nmd�dwodbsr�lhbqnrb]kd�fq]mtk]q�bqxrs]kr�
sn�dwghahs�pt]khs]shudkx�cheedqdms�cxm]lhbr)�vghbg�]qd�]eedbsdc�
ax�sgd�oqdrdmbd�ne�]cgdrhud�enqbdr)�uhrbntr�cq]f)�dkdbsqnrs]shb�
bg]qfdr)�rtqe]bd�]rodqhshdr)�]mc�]�fqd]sdq�rdmrhshuhsx�sn�chrnqcdq-�
Adb]trd�ne� sgdrd�deedbsr)� dwodq�hldms]k� rstchdr�]s� sgdrd� rb]kdr�
]qd�bg]kkdmfhmf9�sgdx�qdpthqd�ghfg�]bbtq]bx�hm�o]qshbkd�o]bjhmf)�
dwbhs]shnm)�]mc�cdsdbshnm�ne�v]udr�vhsg�mnm,bnms]bs�sdbgmhptdr�
%rdd�sgd�mdws�o]q]fq]og()�vghbg�]qd�mnmhmsqtrhud�]mc�lnqd�oqd,
bhrd�sg]m�sgnrd�sg]s�]qd�trdc�enq�l]bqnrb]kd�rxrsdlr-

Qdbdms� rstchdr� ne� 0,lhbqnldsdq,ch]ldsdq� rhkhb]� rogdqdr�
dloknxdc�]�k]rdq,hmctbdc�sq]mrhdms�fq]shmf�sdbgmhptd�sn�dwbhsd�
rtqe]bd� ]bntrshb� v]udr� ]mc� ld]rtqd� sgdhq� chrodqrhnm� Z07[-�
Gnvdudq)�sghr�sdbgmhptd�hr�mns�rths]akd�enq�b]ostqhmf�mnmkhmd]q)�
sq]mrhdms�v]ud�ogdmnldm])�rtbg�]r�sgnrd�entmc�hm�l]bqnrb]kd�
rxrsdlr-�@s�rkhfgskx�k]qfdq�rb]kdr)�bg]hmr�ne�rsddk�o]qshbkdr�vhsg�

ch]ldsdqr�ne�]ants�1’2//�lhbqnldsdqr�g]ud�addm�hmudrshf]sdc�
trhmf�mnm,bnms]bs� noshb]k� sdbgmhptdr� Z015[-� Hm� sgdrd� dwodqh,
ldmsr)� o]qshbkdr� vdqd� ]khfmdc� hm lhbqne]aqhb]sdc� fqnnudr�
trhmf�]�qnanshb�onrhshnmhmf�rxrsdlr)�]mc�ghfg,roddc�lhbqnr,
bnox� hl]fhmf�v]r�trdc� sn�dmrtqd�ghfg�onrhshnmhmf�]bbtq]bx�
%rdd� ftqdr 0%b(�]mc %c((-

2-� Lncdk�dptTshnmr

Sgd�enqbd�sg]s�qdrtksr�eqnl�sgd�cdenql]shnm�ne�svn�rogdqhb]k
o]qshbkdr�hm�bnms]bs�hr�cdrbqhadc�ax�sgd�bk]rrhb]k�Gdqsy k]v

� ( / [ )< +E w : w )2 1� %0(

vgdqd�w�hr�sgd�nudqk]o�adsvddm�sgd�svn�o]qshbkdr�]mc�:�hr�sgd�
l]sdqh]k�o]q]ldsdq�%rdd�]krn�dpt]shnm %3(�adknv(-�@�Gdqsyh]m�
hmsdq]bshnm�adsvddm�]�o]hq�ne�o]qshbkdr�nbbtqr�nmkx�vgdm�sgdx�
]qd�hm�bnms]bs)�rn�d]bg�o]qshbkd�hr�]eedbsdc�chqdbskx�nmkx�ax�hsr�
md]qdrs� mdhfganqr� ]mc� dwodqhdmbdr� ]� enqbd� eqnl� ]� mdhfganq�
nmkx�vgdm�hs�nudqk]or�vhsg�hs-�Sghr�xhdkcr�sgd�aq]bjds

/ [
ˆ

⎧
⎨
�<

=
+w

w w
w

) he /
/) he /� %1(

hm�dpt]shnm %0(-�Sgd�nqhfhm]k�cdqhu]shnm�ne�sgd�bnms]bs�k]v�%0(�
hr�hm�Gdqsy‘r�rdlhm]k�vnqj�Z72[)�]mc�Z0//[ g]r�]�lnqd�lnc,
dqm� udqrhnm� ne� hs-�Sgd� etkk� cdqhu]shnm� cdrbqhadc� hm� Z72)� 0//[
hr�rnldvg]s�btladqrnld)�]mc�Rdm�ds Yk�f]ud�]�aqhde�^a]bj,
ne,sgd,dmudknod‘� cdqhu]shnm� ne� hs� hm� Z065[-� Sgd� mnmkhmd]qhsx�
dwonmdms�o�cdodmcr�nm�sgd�fdnldsqx�ne�sgd bnms]bs�adsvddm
o]qshbkdr-� Enq� dw]lokd)� o��<��2.1� enq� rogdqhb]k� o]qshbkdr-
Bxkhmcqhb]k�o]qshbkdr�vgnrd�]wdr�khd�hm�sgd�r]ld�ok]md�ats�]qd�
mns� o]q]kkdk� ]krn� g]ud� ]m� dwonmdms� ne�o��<��2.1-� Hm� sghr� b]rd)�
sgd�l]sdqh]k�o]q]ldsdq�:�cdodmcr�nm�]whr�nqhdms]shnm-�Nsgdq
o]qshbkd�fdnldsqhdr�b]m�kd]c�sn�dwonmdmsr�nsgdq�sg]m�2.1-�Enq�
dw]lokd)�gnkknv�rogdqdr�g]ud�hmsdq]bshnm�k]vr�sg]s�u]qx�]r�]�
etmbshnm�ne�rgdkk�sghbjmdrr�Z0//[-

Ehftqd�1-� Nmd,chldmrhnm]k�lnmnldq�fq]mtk]q�bg]hm�bnloqdrrdc�ax�]�rs]shb�enqbd�E/-�Sgd�nodm�bhqbkdr�qdoqdrdms�sgd�hmhsh]k�onrhshnmr�ne�sgd�
o]qshbkd�bdmsdqr�hm�rs]shb�dpthkhaqhtl)�]mc�sgd�ak]bj�bhqbkdr�hmchb]sd�sgd�chrok]bdc�onrhshnmr-�Z035[�1//0�¨�Roqhmfdq,Udqk]f�Mdv�Xnqj-�Vhsg�
odqlhrrhnm�ne�Roqhmfdq-
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@rrtlhmf� sg]s� sgd nmkx� qdkdu]ms� enqbd�]qhrdr� eqnl�dk]rshb�
bnms]bs�adsvddm�o]qshbkdr�%rdd� ftqd 1�enq�]m�hkktrsq]shnm()�sgd�
0C�dpt]shnmr ne�lnshnm�enq�]� mhsd,kdmfsg�fq]mtk]q�bg]hm�%h-d-�
]�0C�fq]mtk]q�bqxrs]k(�]qd
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vgdqd tm hr sgd chrok]bdldms ne sgd msg o]qshbkd %vhsg
] {∈ …m M0) 1) ) ) vgdqd M hr sgd mtladq ne o]qshbkdr( ld],

rtqdc eqnl hsr dpthkhaqhtl onrhshnm hm ]m hmhsh]kkx bnloqdrrdc
bg]hm) lm hr sgd l]rr ne sgd msg o]qshbkd) ]mc � ) ( )δ < E :m m

o
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0

hr ] rs]shb chrok]bdldms enq d]bg o]qshbkd sg]s ]qhrdr eqnl sgd
rs]shb kn]c <E bnmrs/ - %Rdd  ftqd 1 enq ]m hkktrsq]shnm-( Enq
rogdqhb]k o]qshbkdr) sgd dwonmdms hr o < 2.1 ]mc sgd o]q]ldsdq
:m) vghbg qd©dbsr sgd l]sdqh]k ]mc sgd fdnldsqx ne sgd bg]hm‘r
o]qshbkdr) g]r sgd enql
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0 %3(

vgdqd�Dm�hr�sgd�dk]rshb�%Xntmf(�lnctktr�ne�sgd�msg�o]qshbkd)�νm�
hr�hsr�Onhrrnm�q]shn)�]mc�Qm�hr�hsr�q]chtr-�Hlonqs]ms�rodbh]k�b]rdr�
ne�dpt]shnm %2(�hmbktcd�lnmn]snlhb�%h-d-�^lnmnldq‘(�bg]hmr�
%hm�vghbg�]kk�o]qshbkdr�]qd�hcdmshb]k)�rn�:m��<��:)�lm��<��l)�]mc�
δ δ<m/) /()� odqhnc,1� ch]snlhb� bg]hmr)� ]mc� bg]hmr� vhsg� hlot,
qhshdr� %d-f-� ]� ^gnrs‘� lnmnldq� bg]hm� vhsg� ]� rl]kk� mtladq� ne�
^cdedbs‘� o]qshbkdr� ne� ]� cheedqdms� sxod(-� Sgd� rhlokdrs� sxod� ne�
odqhnc,1�ch]snlhb�bg]hm�%vghbg�hr�rnldshldr�rhlokx�b]kkdc�]�
^chldq‘�bg]hm�]r�]�rgnqsg]mc8(�bnmrhrsr�ne�]ksdqm]shmf�o]qshbkdr�
ne�svn�sxodr)�rn�:m��<��:)�δ δ<m/) /)�]mc�sgd�l]rr�hr� <l lm /�
enq�dudm�m�]mc� <l lm 0�enq�ncc�m-�Hm�rtbg�]�bg]hm)�sgd�l]rr�
q]shn� )l l0 /�hr�sgd�nmkx�]cchshnm]k�o]q]ldsdq�nsgdq�sg]m�sgnrd�
hm�sgd�lnmnldq�b]rd-�Vd�trd�sgd�sdql�^L,ldq‘�enq�odqhnc,L�
bg]hmr�vhsg�L��=��1-

Vd�mnv�oqdrdms� rnld�a]rhb�]m]kxshb]k�bnmrhcdq]shnmr� enq�
sgd� dpt]shnmr ne�lnshnm� %2(-� Hs� hr� bnmudmhdms� sn�vnqj� hm� rn,
b]kkdc�̂ rsq]hm�u]qh]akdr‘� < ++x t tm m m0 -�Enq�]�lnmnldq�bg]hm)�
dpt]shnm %2(�adbnldr

� / [ / [ / [ () ) )δ δ δ< + + + + ++ + + + +x
:

l
x x x˙ 1 -m m m m/

2 1
/ 0

2 1
/ 0

2 1

%4(

Hmsqnctbhmf�sgd�rb]khmf� →s s :

l
�]kknvr�tr� sn�vqhsd�dpt],

shnm %4(�]r

� / [ / [ / [ () ) )δ δ δ< + + + + ++ + + + +x x x x˙ 1 -m m m m/
2 1

/ 0
2 1

/ 0
2 1 %5(

He�δ ≠ // )� nmd� b]m� ]krn� mnql]khyd� sgd� oqdbnloqdrrhnm� ax�
qdrb]khmf� sgd� ]lokhstcd�xm� Z035[-� Enq� ]m� hm mhsd� k]sshbd� %h-d-�
R∈m ()�dpt]shnm %2(�g]r�sgd�G]lhksnmh]m

� (
R
∑< + +
∈

+G l t U t t
0

1
z )

m
m m m m m

1
0 %6(

vgdqd�sgd�onsdmsh]k�etmbshnm�hr

� ( / [

/ [ / [

)
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δ φ

φ δ δ

< + +

< + +

+ +
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U x : x

: : x

1

4
) vhsg

1

4
-

m m m m m m

m m m m m m

0 /)
4 1

0 /)
4 1
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2 1

�

%7(

Mnsd sg]s�φm� hm� dpt]shnm  %7(� hlokhdr sg]s� � ( <′U / /m � ]mc�
� ( ⩾±U / /m )� vghbg� hr� mdbdrr]qx� sn� dmrtqd� sg]s� sgd� bk]rrhb]k�

fqntmc� rs]sd� %enq� vghbg� < <t tz /m m (� hr� ]� lhmhltl� ne� sgd�
dmdqfx�G�Z58[-�Enq�sgd�rodbh b�b]rd�ne�fq]mtk]q�bg]hmr�%vhsg�
dhsgdq�ydqn�nq�mnmydqn�oqdbnloqdrrhnm()�rdd�Z022[-�Sgd�k]ssdq�
b]rd�hr�]rrnbh]sdc�vhsg� � (± =U / /m )�]mc�sgd�enqldq�hr�]rrnbh]sdc�
vhsg� � (± <U / /-

Dpt]shnm�%2(�hr�sgd�rhlokdrs�lncdk�enq�sgd�cdrbqhoshnm�ne�]�
fq]mtk]q�bg]hm-� Hs�mdfkdbsr�l]mx� ed]stqdr)� kd]chmf� sn�chro]qh,
shdr�adsvddm�hsr�rnktshnmr�]mc�dwodqhldms]k�nardqu]shnmr-�Nmd�
onsdmsh]kkx� hlonqs]ms�ed]stqd� hr�o]qshbkd�qns]shnm�Z7)�16)�028[)�
]mc� ]mnsgdq� hr� sg]s� sgd� bnms]bs� onhmsr� ne� o]qshbkdr� b]mmns� ad�
]khfmdc�odqedbskx�hm�dwodqhldmsr�adb]trd�ne�bkd]q]mbd�adsvddm�
sgd�o]qshbkdr�]mc�rtoonqs qncr�Z015[-�Sghr�hr�khjdkx�sn�qdrtks�hm
cxm]lhb�atbjkhmf�ne�]�fq]mtk]q�bg]hm�vgdm�o]qshbkdr�dwghahs�
ghfg,]lokhstcd�lnshnm-�Hm�0C�rdsshmfr)�deedbsr�eqnl�sgd�]anud�
svn� ed]stqdr�]qd�mdfkhfhakd� hm�]�u]qhdsx�ne�dwodqhldms]k�bnm,
 ftq]shnmr)�ats�sgd�qnkd�ne�qns]shnm�hr�bnmrhcdq]akx�lnqd�hlonq,
s]ms�hm�ghfgdq,chldmrhnm]k�rdsshmfr�Z31)�028) 1/6)�1/8)�100[-

@cchshnm]kkx)� ]r�vd�dwok]hmdc�]anud)� sgd�lncdk�ne� dpt],
shnm %2(�hr�G]lhksnmh]m�hm�m]stqd-�Sghr�hr�]�trdetk�hcd]khy]shnm�
enq�tmcdqrs]mchmf� sgd�oqhmbho]k�v]ud�]mc�bngdqdms,rsqtbstqd
ogdmnldmnknfx� hm� fq]mtk]q� bg]hmr)� ats� qd]khrshb� fq]mtk]q
bqxrs]kr�g]ud�chrrho]shud�deedbsr�%d-f-�eqnl�v]ud�]ssdmt]shnm(�
sg]s�b]m�rhfmh b]mskx�lnchex�sgd�bngdqdms,rsqtbstqd�cxm]lhbr�
eqnl�sgnrd�oqdchbsdc�ax�]�G]lhksnmh]m�cdrbqhoshnm�khjd�dpt],
shnm  %2(-�@� btrsnl]qx� ]ooqn]bg� hr� sn� hmbnqonq]sd� ]� c]rgons�
enql�ne�chrrho]shnm)� )� ( τ< +E t lzc m m m

0 �%vgdqd�τm�hr�]�bg]q]bsdq,
hrshb�shld�rb]kd()�sn�cdrbqhad�dwodqhldms]k�nardqu]shnmr�pt]kh,
s]shudkx� %]mc)� vhsg� o]q]ldsdq�  sshmf)� dudm� pt]mshs]shudkx� hm�
rnld�b]rdr(�Z08)�76[-�@mnsgdq�qdbdms�oqnonr]k�Z055)�056[�hr�sn�
dwoknqd�]�enql�ne�chrrho]shnm�sg]s�hmunkudr�]�chrbqdsd�K]ok]bh]m�
hm�sgd�udknbhshdr0/-�Sgd�rodbh b�enql�dloknxdc�enq�sgd�enqbd
v]r� /� () � () [� ( τ τ< + + ++ + + +E l t t t tz z z zc m m m m m m m m m

1
0 0) 0 ) 0 )�vghbg

v]r�bnmrhcdqdc�hm�sgd�bnmsdws�ne�]�lnmnldq�bg]hm)�]mc�hs�v]r�
]rrtldc�sg]s�τ +m m0) �hr�bnmrs]ms�]knmf�sgd�k]sshbd-�Sghr�]ooqn]bg�
v]r� u]khc]sdc� l]sgdl]shb]kkx� trhmf� odqstqa]shnm� ldsgncr�
hm� Z12[-� Rtardptdms� fdmdq]khy]shnmr� ne� sghr� etmbshnm]k� enql�
hmbktcd� onvdq� k]vr� ne� sgd� qdk]shud� udknbhshdr� Z18[� ]mc� lnqd�
bnlokhb]sdc�enqlr)�rtbg�]r�Z088[

� (� ( � (� (∝ + + + + ++ + + +E l t t t t t t t tz z z z )c m m m m m m m m m
2

0 0 0 0

vghbg�hr�hmrohqdc�ax�uhrbndk]rshbhsx�sgdnqx�]mc�hmunkudr�ansg�chr,
ok]bdldmsr�]mc�udknbhshdr-�@cchshnm]kkx)�rdd�Z65[ enq�]m�]ssdlos�
sn�trd� mhsd,dkdldms�lncdkhmf�sn�cdqhud�]�enql�enq�chrrho]shud
deedbsr� hm�fq]mtk]q�bqxrs]kr-�Gnvdudq)�cdrohsd� sgd�ltkshstcd�ne�
oqnonrdc�lncdkr�enq�hmbnqonq]shmf�chrrho]shnm)�oqdrdmskx�sgdqd�hr�8�@ksdqm]shudkx)�nmd�b]m�trd�sgd�sdql�^chldq‘�enq�]mx�bg]hm�sg]s�bnmrhrsr�ne�

svn�sxodr�ne�o]qshbkdr�ats ]qd�mns�mdbdrr]qhkx�]qq]mfdc�vhsg�]�ro]sh]k�odqhnc�
ne�1-�Hm�sghr�]qshbkd)�]�^chldq‘�g]r�]�ro]sh]k�odqhnc�ne�1)�]�^sqhldq‘�g]r�]�
ro]sh]k�odqhnc�ne�2�%vgdsgdq�nq�mns�sgdqd�]qd�sgqdd�chrshmbs�sxodr�ne�o]qshbkdr()�
]mc�rn�nm-

0/�Sghr�hcd]�hr�qdlhmhrbdms�ne�M]uhdq’Rsnjdr�c]lohmf:�rdd�d-f-�sgd�chrbtrrhnm�
hm�Z048[�]ants�sgd�ogxrhb]k�hmsdqdrs�hm�rtbg�]�etmbshnm]k�enql�enq�sgd�bqd]shnm�
ne�^k]sshbd�stqatkdmbd‘-
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mn�tmhudqr]kkx ]bbdosdc�etmbshnm]k�enql�sn�cdrbqhad�chrrho]shud�
deedbsr�hm�fq]mtk]q�bqxrs]kr-�Ed]stqdr�rtbg�]r�ok]rshb cdenql]shnm�
Z13’15)�043’045[�]mc�c]lohmf�ctd�sn qns]shnm�l]x�]krn�]bbntms�
enq�rnld�ne�sgd�v]ud�]ssdmt]shnm�sg]s�g]r�addm�nardqudc�hm�dwodq,
hldmsr�Z1/7[-�Sgd�bnqqdbs�v]x�sn�lncdk�rtbg�deedbsr�hm�fq]mtk]q�
bqxrs]kr�hr�]m�hlonqs]ms�nodm�qdrd]qbg�oqnakdl-�Hm�sgd�oqdrdms�
qduhdv�]qshbkd)�vd�lnrskx�qdrsqhbs�ntq�]ssdmshnm�sn�G]lhksnmh]m�
lncdkr�ne�fq]mtk]q�bqxrs]kr�%]mc�drodbh]kkx�dpt]shnm %2((-

3-� KhmdTq�qdfhld�Tmc chrodqrhnm

Sgd�m]stqd�ne� sgd� dpt]shnmr ne�lnshnm� %2(� hr� qdlhmhrbdms�ne�
]� Edqlh’O]rs]’Tk]l� %EOT(� nrbhkk]snq bg]hm� Z37)� 5/)� 60[-�
Sgd�bnmmdbshnm�hr�drodbh]kkx�duhcdms�hm�sgd�vd]jkx�mnmkhmd]q�
qdfhld)�hm�vghbg�sgd�cxm]lhb�rsq]hmr�]qd�rl]kk�bnlo]qdc�sn�
sgd�rs]shb�oqdbnloqdrrhnm9
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) %00(

Sgd� etmbshnm�Um%�x�(� hm�dpt]shnm  %00(� hr� sgd�bk]rrhb]k�EOT�
onsdmsh]k� %]krn� b]kkdc� sgd� ^J1’J2’J3� onsdmsh]k‘� nq� sgd� ^�’β�
onsdmsh]k‘(�Z60[-�Sgd�bnqqdronmchmf�khmd]q�oqnakdl)

� ( � (< + + ++
+

+t
J

l
t t

J

l
t t˙ )m

m

m
m m

m

m
m m

1)
0

1) 0
0� %01(

hr� ]� oqnsnsxohb]k� dw]lokd� ne� ]� bntokdc� roqhmf’l]rr� rxrsdl�
sg]s� rdqudr� ]r� ]� sdwsannj� lncdk� enq� uhaq]shnm� lncdr� Z002[-
Enq�] lnmnldq�bg]hm)�dpt]shnm %01(�g]r�ok]md�v]ud�rnktshnmr)

� ( / [� ( π< ∈ω+t s jd ) /) )m
jm sh

vgdqd� sgd� ]mftk]q� eqdptdmbx�ω� ]mc� sgd� v]udmtladq� j� ]qd�
qdk]sdc�sgqntfg�sgd�chrodqrhnm�qdk]shnm

/ � ([ � ) (ω <j
J

l
j

3
rhm 1 -1 1 1� %02(

Dpt]shnm�%02(�hlokhdr�sg]s�sgd�k]qfdrs�onrrhakd�]mftk]q�eqd,
ptdmbx�ne�]�ok]md�v]ud�hr� )ω < J l1/ 1 �%sgd�rn,b]kkdc�^btsnee�
onhms‘(-� Hs� sgdqdax� ghfgkhfgsr� sgd� qnkd� ne� sgd� k]sshbd� cxm]lh,
b]k� rxrsdl� %01(� ]r� ]�  ksdq� sg]s� ]kknvr� sgd� sq]mrlhrrhnm� ne�
eqdptdmbhdr�ω ω< /�ats�oqnghahsr�sgd�sq]mrlhrrhnm�ne�eqdptdm,
bhdr�ω ω= /-�Sgd� rntmc� roddc�br)�vghbg� hmchb]sdr� sgd�l]wh,
ltl�roddc�ne�]�khmd]q�v]ud)�hr�cd mdc�]r�sgd�og]rd�udknbhsx�
� ()ω j j�hm�sgd�khlhs� →j /-�Hm�sghr�b]rd)� )<b J lr 1 -�Sgd�rhmfkd�

%onrhshud(�aq]mbg�ne�sgd�chrodqrhnm�btqud�qdoqdrdmsdc�ax�dpt],
shnm %02(�hr�b]kkdc�sgd�^]bntrshb�a]mc‘�ne�sgd�khmd]q�rodbsqtl-�
He�sgd�o]qshbkdr�hm�]�fq]mtk]q�bg]hm�]qd�]qq]mfdc�hm�]�odqhnchb�
l]mmdq�vhsg�odqhnc� R∈ +L �%d-f-�L��<��1�enq�]�chldq()�sgdm�sgd�
khmd]q�oqnakdl�%01(�hr�rnkudc�ax�Aknbg�v]udr

� ( / ) [� ( � π< < ∈ ∈ω+
+t s e e e j Ld ) ) /) -m m

jm s
m m L

h� %03(

Nmd� b]m� bnlotsd� sgd� chrodqrhnm� qdk]shnm� ax� rnkuhmf� sgd�
×L L� l]sqhw� dhfdmu]ktd� oqnakdl� nas]hmdc� ax� rtarshsts,

hmf� dpt]shnmr  %03(� hmsn� %01(-� Sghr� qdrtksr� hm� L� dhfdmudb,
snq’dhfdmu]ktd� o]hqr� � (ω�Y� 1 )� vgdqd� � (< …e e eY ) ) ) L

S
0 1

Ehftqd�2-� O]rr�a]mcr�%]bntrshb�]mc�noshb]k(�]mc�a]mc�f]o enq�sgd�ch]snlhb�fq]mtk]q�bg]hm�bnmrhcdqdc�hm�Z1/[-�%](�@m]kxshb]k�dwoqdrrhnm�
cdqhudc�eqnl�sgd�bnqqdronmchmf�chrodqrhnm�qdk]shnmr-�%a(�Dwodqhldms]k�sq]mredq�etmbshnm�hmedqqdc�vgdm�rdmchmf�^vghsd�mnhrd‘�eqnl�nmd�rhcd�
sgqntfg�sgd�rxrsdl�]mc�sgdm�qdsqhduhmf�%nm�sgd�nsgdq�rhcd(�nmkx�sgd�eqdptdmbhdr�sg]s�adknmf�sn�sgd�o]rr�a]mcr�%nardqud�sg]s�sgd�dwodqhldms]k�
]mc�sgdnqdshb]k�btsnee�eqdptdmbhdr ]qd�rnldvg]s�cheedqdms-(�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z1/[)�Bnoxqhfgs�%1/0/(�ax�sgd�@ldqhb]m�
Ogxrhb]k�Rnbhdsx-�
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Z002[-� Vd� trd� mns]shnm� rn� sg]s� dhfdmu]ktdr� ]qd� nqcdqdc� ]r�
� ( ⩾ � ( ⩾ ⩾ � (ω ω ω+ + … +j j jL0

1
1
1 1 -�Sgd�aq]mbg�bnqqdronmchmf�

sn� � (ω+ j0
1 � hr�b]kkdc�sgd�^]bntrshb�a]mc‘)�]mc� � (ω+ ji

1 � hr�b]kkdc�
sgd�%i��+��0(sg�^noshb]k�a]mc‘�%vgdqd�i��=��0(-�Rdd� ftqd 2�enq�]m�
dw]lokd�ne�]�chrodqrhnm�qdk]shnm�hm�]�ch]snlhb�fq]mtk]q�bg]hm-�
He�sgd�bg]hm�g]r� mhsd�kdmfsg�nq�hr�mns�]qq]mfdc�hm�]�odqhnchb�
l]mmdq)�nmd�b]m�nas]hm�sgd�]mftk]q�eqdptdmbhdr�ne�sgd�khmd]q�
lncdr�%vghbg�]qd�mns�mdbdrr]qhkx�rhmtrnhc]k�hm�ro]bd(�mtldq,
hb]kkx�ax�rnkuhmf�sgd� ×M M�dhfdmu]ktd�oqnakdl�sg]s�qdrtksr�ax�
rtarshstshmf�sgd�]mr]sy� � ( < ωt s udm

sh )�vhsg� � (< …u u uu ) ) ) M
S

0 1 )�
hmsn�dpt]shnm %01()�vgdqd�M�hr�sgd�kdmfsg�%h-d-�mtladq�ne�o]qsh,
bkdr(�ne�sgd�bg]hm-�Hm�rnld�rodbh]k�b]rdr)�nmd�b]m�]ooqnwhl]sd�
sgdrd�dhfdmu]ktdr�]m]kxshb]kkx-�Enq�dw]lokd)�sghr�hr�onrrhakd�enq�
]�fq]mtk]q�bg]hm�vhsg�]�rl]kk�mtladq�ne�hlotqhshdr�Z023)�024[-�
Rdd� Z88[� enq� ]� qdkdu]ms� rstcx� enq� rsqnmfkx� mnmkhmd]q� bg]hmr)�
]mc�rdd�Z080[�enq�]�qdkdu]ms�rstcx�ne�vd]jkx�mnmkhmd]q�bg]hmr-�
Hm�]� mhsd,kdmfsg�fq]mtk]q�bg]hm)�sgd�antmc]qx�bnmchshnmr�]mc�
kdmfsg�]eedbs�sgd�lncd�rg]odr�]mc�hmsqnctbd�mdv�lncdr)�rtbg�
]r�f]o�lncdr�]mc�dcfd�lncdr�%h-d-�rtqe]bd�lncdr(�Z1//[-

Mnv�sg]s�vd�g]ud�qduhdvdc�sgd�cxm]lhbr�ne�khmd]q�fq]mtk]q�
bg]hmr)�vd�vhkk� chrbtrr� sgd� deedbsr� ne� mnmkhmd]qhsx� hm� sgd�mdws�
rdudq]k�rdbshnmr-�@r�vd�vhkk�rdd)�mnmkhmd]qhsx�g]r�]�rhfmh b]ms�
hlo]bs�nm�sgd�enql]shnm)�oqno]f]shnm)�]mc�]ffqdf]sd�cxm]lhbr�
ne�v]udr�]mc�nsgdq�bngdqdms�rsqtbstqdr-�Hm�ntq�chrbtrrhnmr)�hs�vhkk�
mdudqsgdkdrr�ad�gdkoetk�sn�jddo�sgd�khmd]q�cxm]lhbr�hm�lhmc-

4-�RqTudkhmf�rnkhsTqx�vTudr

4-.-� Bnmshmttl�lncdkhmf�Tmc�sgd�Hdrsdqdmin�rnkhsTqx�vTud

Hm�0874)�K]y]q]ch�]mc�Mdrsdqdmjn�qdonqsdc�]�mdv�sxod�ne�rnkh,
s]qx�v]ud�Z005[�%rdd�Z102[�enq�]�qduhdv�ne�rnkhs]qx�v]udr(�sg]s�
sgdx�entmc�ax�rsqhjhmf�nmd�rhcd�ne�]m�tmbnloqdrrdc�lnmnldq�
fq]mtk]q�bg]hm vhsg�]mnsgdq o]qshbkd-�Sgd�qdrtkshmf�v]udenql�
v]r�knb]khydc khjd�]�sq]chshnm]k�rnkhs]qx�v]ud�Z103[)�ats�hsr�s]hkr�
dwghahsdc�ltbg�e]rsdq�cdb]x)�]mc�hs�v]r�onmcdqdc�vgdsgdq�sgd�
v]ud)�]�mdv�sxod�ne�rnkhs]qx�v]ud�%rdd� ftqd 3()�lhfgs�dudm�
g]ud� bnlo]bs� rtoonqs� Z035[00-� Sgd� dwodqhldmsr� ne� K]y]q]ch�
]mc�Mdrsdqdmjn�Z005[�vdqd�odqenqldc�hm�sgd�]ardmbd�ne�rs]shb�

oqdbnloqdrrhnm-�Hm�sghr�b]rd)�dpt]shnm %2(�hr�otqdkx�mnmkhmd]q)
]mc�hs�hr�udqx�bg]kkdmfhmf�sn�rstcx�hs�]m]kxshb]kkx�adb]trd�sgd�
mnmkhmd]qhsx�hr�mns�rlnnsg�%]r�sgd�pt]mshsx� � (±′U / �hr�tmcd mdc�
hm� sgd� ]ardmbd� ne� oqdbnloqdrrhnm(-� Nmd� ne� sgd� qrs� ]m]kxsh,
b]k� qdrtksr� nm� ]� otqdkx� mnmkhmd]q� fq]mtk]q� bg]hm� v]r� ctd� sn�
Mdrsdqdmjn� Z034[)� vgn� cdqhudc� ]m� dwokhbhskx� rnku]akd� o]qsh]k�
cheedqdmsh]k�dpt]shnm ]r�]m�]ooqnwhl]shnm�sn�dpt]shnm %2(-�Sghr�
enkknvr� ]� rs]mc]qc� oqnbdctqd� hm� chrbqdsd� lncdkr� ax� trhmf� ]�
knmf,v]udkdmfsg� %h-d-� md]q,bnmshmttl(� khlhs� hm� vghbg� nmd�
dwodbsr�sg]s�sgd�ro]sh]k�dwsdms�ne�sgd�v]ud�hr�ltbg�knmfdq�sg]m�
sgd� ro]bhmf�ne� sgd�tmcdqkxhmf� k]sshbd-�@�rs]mc]qc�ldbg]mhrl�
sn� sq]mredq� eqnl� sgd�nqhfhm]k�chrbqdsd� eq]ldvnqj� sn� sghr� bnm,
shmttl�khlhs�hr�sn�hmsqnctbd�]�rl]kk�o]q]ldsdq�P�]mc�cd md�]�
mdv�u]qh]akd� � ( � (≈T W S t s) m � sg]s�]ooqnwhl]sdr�]�rnktshnm� sn�
dpt]shnm %2()�vgdqd�sgd�hmcdodmcdms�u]qh]akdr�W�]mc�S�fdmdq,
]kkx�cdodmc�nm�P-� Hm�sgd�qdl]hmcdq�ne�ntq�]qshbkd)�vd�trd�sgd�
mns]shnm�T%W)�S(� sn� qdoqdrdms� ]� bnmshmttl�]ooqnw�hl]shnm�ne�
sgd�chrok]bdldms�tm%s()�]mc�vd�trd�X%W)�S(�sn�qdoqdrdms�]�bnm,
shmttl�]ooqnwhl]shnm�ne�sgd�rsq]hm�xm%s(-�Vd�bnmrhcdq�cheedqdms�
rb]khmfr�sgqntfgnts�sgd�qduhdv)�ats�vd�trd�sgd�r]ld�mns]shnm�
enq�sgdl�enq�rhlokhbhsx-�Hm�ntq� qrs�dw]lokd)�vd�cd md� <W mP
]mc� <S sP -�Cheedqdmbdr�adbnld�o]qsh]k�cdqhu]shudr�sgqntfg�]�
S]xknq�dwo]mrhnm�ne�sgd�mdv�u]qh]akd�T-�Vd�sgtr�vqhsd
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i �cdmnsdr�sgd�isg�o]qsh]k�cdqhu]shud�vhsg�qdrodbs�sn�sgd

u]qh]akd�W-�Adb]trd�P�hr�rtoonrdc�sn�ad�rl]kk)�sgd�mdv�u]qh]akd�
T%W)�S(�g]r�]�v]udkdmfsg�sg]s�hr�k]qfd�qdk]shud�sn�sg]s�ne�sgd�
tmcdqkxhmf�k]sshbd-�Trhmf�sgd�rb]khmf� <W mP )� <S sP )�nmd�b]m�
cdqhud�]�bnmshmttl�lncdk�eqnl�dpt]shnm %2(�sg]s�hr�dpthu]kdms�
sn�sgd�nmd�sg]s�Mdrsdqdmjn�cdqhudc-�Nmd�nas]hmr
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Ehftqd�3-� %](�Enq�]�lnmnldq�fq]mtk]q�bg]hm)�]�bnloqdrrhnm�v]ud�sq]udkr�sgqntfg�sgd�bg]hm�]esdq�hs�hr�rsqtbj�]s�nmd�dmc-�@esdq�sgd�v]ud�g]r�
sq]udkdc�]�edv�k]sshbd�rhsdr)�hs�]ood]qr�]r�sgntfg�]�bnmrs]ms�rg]od�oqn kd�enqlr�]mc�oqno]f]sdr�sgqntfg�sgd�bg]hm-�D]bg�adkk,rg]odc�btqud�
bnqqdronmcr�sn�sgd�udknbhsx�oqn kd�ne�]�rhmfkd�o]qshbkd-�%a(�Rnktshnm�ne�dpt]shnm %07(�%rnkhc�btqudr()�vghbg�qdoqdrdmsr�]�fdmthmd�sq]udkhmf�
rnkhs]qx�v]ud-�Sgd�l]qjdqr�fhud�sgd�]rrnbh]sdc�knb]shnmr�nm�sgd�k]sshbd-�%b(�Bnmsntq�okns�ne�sgd�dunktshnm�ne�dpt]shnm %2(�vhsg�hmhsh]k�c]s]�
fhudm�ax�sgd�rnkhs]qx�v]ud�hm�o]mdk�%a(-

00�@�rnkhs]qx�v]ud�vhsg�bnlo]bs�rtoonqs�hr�b]kkdc�]�^bnlo]bsnm‘�Z06/[-
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vgdqd�vd�g]ud ]rrtldc�sg]s�sgd�o]q]ldsdqr�]qd�mnql]khydc�%h-d-�
:��<��l�<��0(-�Rdd�Z035)�bg]osdq�0-2[�enq�sgd�nqhfhm]k�cdqhu]shnm)�
]mc�rdd�Z051[�enq�]�cds]hkdc�udqrhnm�ne�sgd�cdqhu]shnm�enq�]�chldq�
bg]hm-�Sgd�cdqhu]shnm�ne� dpt]shnm  %04(� ]rrtldr� ]� knmf�v]ud,
kdmfsg�%h-d-� →P /()�]ksgntfg�sq]chshnm]kkx�P < 0�g]r�addm�trdc-�
Bnmrdptdmskx)� nmd� b]m� bnmrsqtd� dpt]shnm  %04(� vhsg� P < 0�
]r� ]� ^pt]rhbnmshmttl‘� lncdk)� ]r� hs� cndr� mns� onrrdrr� ]� rl]kk�
o]q]ldsdq)�rn� hs� hr�mns�]�rdke,bnmrhrsdms�]rxlosnshb�oqnbdctqd-�
Sghr�hr�nmd�ne�sgd�khlhs]shnmr�ne�dpt]shnm %04()�]r�vd�vhkk�chr,
btrr�hm�rdbshnm 4-2-�Enq�mnv)�kds‘r�oqdrr�nm�vhsg�dpt]shnm %04(�
cdrohsd� hsr� khlhs]shnmr� ]mc� rddj� sq]udkhmf� v]ud� rnktshnmr-�Vd�
cd md� sgd�bnnqchm]sd�ξ < +W bS� ]mc� sgd�mdv�rsq]hm�u]qh]akd�
� ( � (ξ ξ< ξq T -� Rtarshstshmf� sgd� sq]udkhmf�v]ud� ]mr]sy� � (ξq � hmsn�

dpt]shnm %04(�kd]cr�sn�]m�nqchm]qx�cheedq�dmsh]kkx�dpt]shnm %NCD(�
sg]s�b]m�ad�rnkudc�dwokhbhskx�Z035)�bg]osdq�0-2[-�@lnmf�sgd�rnkt,
shnmr�ne�sghr�NCD)�nmd�ne�o]q�shbtk]q�hmsdqdrs�hr�%vg]s�g]r�bnld�sn�
ad�jmnvm�]r(�sgd�^Mdrsdqdmjn�rnkhs]qx,v]ud�rnktshnm‘�%vghbg�hr�
]krn�rnldshldr�b]kkdc�sgd�^Mdrsdqdmjn�rnkhsnm‘�nq�^Mdrsdqdmjn�
bnlo]bsnm‘(�Z6)�035[9
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� ( %05(

Sghr� rnktshnm� ]fqddr� qd]rnm]akx� vdkk� vhsg� chqdbs� mtldqhb]k�
bnlots]shnmr� ne� rnkhs]qx� v]udr� ne� dpt]shnm  %2(� Z034[-� Mnsd�
sg]s�he�nmd�rs]qsr�vhsg�sgd�rsq]hm,u]qh]akd�enqltk]shnm�hm�dpt],
shnm %5(�]mc�odqenqlr�sgd�r]ld�cdqhu]shnm�enq�]�mdv�bnmshmttl�
]ooqnwhl]shnm� X%W)S()� sgdm� � ( � (ξ ξ≠X q -� Rdd� sgd� cdqhu]shnm�
]mc�chrbtrrhnm�hm�Z6[-

Hm� sgd� ]ooqnwhl]shnm %05()� sgd� ]lokhstcd� ne� sgd� v]ud�
rb]kdr vhsg� hsr� roddc�b� %]�mnmkhmd]q� ]m]knf�ne� ]�chrodqrhnm�
qdk]shnm(�]mc�sgd�v]ud�g]r�]�mnmydqn�u]ktd�nmkx�enq�]� mhsd�
mtladq� ne� k]sshbd� rhsdr� %qntfgkx� 4� o]qshbkdr� enq� ] Gdqsyh]m�
hmsdq]bshnm(-� Rodbh b]kkx)� sghr� rtffdrsr� sg]s� sgd� v]ud� hr�
fdmthmdkx�bnlo]bs�]mc�sgtr�s]jdr�sgd�enql�ne�]�bnlo]bsnm-�
Gnvdudq)� ]r� vd� rgnv� hm� rdbshnm  4-1)� sghr� hr� mns� sgd b]rd)�
]ksgntfg�sgd�v]ud�cndr�onrrdrr�udqx�q]ohckx�cdb]xhmf�%cnt,
akx�dwonmdmsh]k( s]hkr-

Hm� rhltk]shnmr� ]mc� dwodqhldmsr)� nmd� b]m� fdmdq]sd� ]�
sq]udkhmf�v]ud�hm�]�fq]mtk]q�bg]hm�ax�hlo]bshmf�nmd�antmc,
]qx�ne�sgd�bg]hm�%vghbg�hr�]s�qdrs(�vhsg�rnld�hmhsh]k�udknbhsx�
uh-�Trhmf�rb]khmf�]qftldmsr�nm�sgd�pt]rhbnmshmttl�lncdk�
%04()�nmd�b]m�rgnv�sg]s� )∝b uh

0 4�Z035)�rdbshnmr 0-3�]mc�0-5-1[�
enq� Gdqsyh]m� hmsdq]bshnmr-� Sgd� ]m]kxshb]k� ]ooqnw�hl]shnmr�
sg]s�vd�qduhdvdc�hm�sghr�rdbshnm ]qd�bnmrhrsdms�vhsg�dwodq,
hldms]k�]mc�mtldqhb]k� mchmfr�Z28)�3/)�005[-�Rtbg�qdrtksr�
]qd� mnv� bnmrhcdqdc� bk]rrhb]k)� ]mc� mtldqntr� rstchdr� nm�
sq]udkhmf� v]udr� hm� fq]mtk]q� bg]hmr� g]ud� enkknvdc� sgdl�
]mc�athks�tonm�sgdl-�Rdd�sgd�qduhdv�]qshbkd�Z065[)�vghbg�hr�

cdchb]sdc�sn�rnkhs]qx,v]ud�rnktshnmr�ne�fq]mtk]q�bg]hmr-�Hm�
sgd�qdl]hmcdq�ne�sghr�]qshbkd)�vd�vhkk�dlog]rhyd�qdrtksr�sg]s�
]ood]qdc�]esdq�Z065[-

4-1-� Ddmthmd�sqTudkhmf�rnkhsTqx�vTudr

Sgd� dwodqhldmsr)� mtldqhb]k� rhltk]shnmr)� ]mc� hmenql]k�
]rxlosnshbr�sg]s�vd�chrbtrrdc�hm�rdbshnm 4-0�]kk�rtffdrs�sgd�
dwhrsdmbd� ne� rs]akd� sq]udkhmf� rnkhs]qx,v]ud� rnktshnmr� hm� ]�
gnlnfdmdntr�fq]mtk]q�bg]hm-�Hm�sghr�rdbshnm)�vd�bnmrhcdq�sgd�
etmc]ldms]k�l]sgdl]shb]k�hrrtd�ne�sgd�dwhrsdmbd�ne�fdmthmd
sq]udkhmf�v]udr-�Fdmthmd� sq]udkhmf v]udr�]qd�rnktshnmr� sg]s�
sq]udk� sgqntfg� ]� fq]mtk]q� bg]hm� vhsgnts� ]mx� chrstqa]mbd� sn�
sgd�nqhfhm]k�v]ud�rg]od-�Sn�hcdmshex�fdmthmd�sq]udkhmf�v]ud�
rnktshnmr) hs� hr� bnmudmhdms� sn� vnqj� chqdbskx� hm� sgd� rsq]hm,
u]qh]akd�enqltk]shnm�ne�dpt]shnm %5(-�Rtarshstshmf�sgd�]mr]sy�

� ( � ( � (ξ< > + < >x s m bs s s) )m �hmsn�dpt]shnm %5( xhdkcr
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Sq]udkhmf� v]udr� ne� dpt]shnm  %2(� bnqqdronmc� sn� rs]shnm,
]qx� %h-d-� shld,hmcdodmcdms(�rnktshnmr� � ( � (ξ φ ξ> <s) �ne�dpt],
shnm %06(-�Rtbg�rnktshnmr�r]shrex

φ δ φ ξ δ φ ξ

δ φ ξ
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%07(

He�sgd�rnktshnm�]krn�g]r�sgd�oqnodqsx�sg]s� � (→ φ ξ <ξ ±∞khl /)
hs�hr�b]kkdc�]�^rnkhs]qx�v]ud‘-�Sgd�dwhrsdmbd�ne�rtbg�rnktshnmr�
enkknvr� eqnl�]�fdmdq]k� qdrtks� ne�Eqhdrdbjd�]mc�V]sshr� Z58[)�
vghbg� gnkcr� enq� sq]udkhmf� v]ud� rnktshnmr� ne� fdmdq]k� EOT�
k]sshbd� dpt]shnmr-� Hm� Z022[)� sghr� qdrtks� v]r� ]ookhdc� sn� dpt],
shnm %5(-�@ksgntfg�sghr�dwhrsdmbd�qdrtks� hr�dw]bs�%mn�]ooqnw,
hl]shnmr�vdqd�l]cd()�sghr�oqnne�ne�hs�hr�mns�bnmrsqtbshud)�rn�
]m]kxshb]k�]ooqnwhl]shnmr�khjd %05(�]mc�mtldqhb]k�bnlots],
shnmr�]qd�udqx�trdetk-�Bg]ssdqidd�]qftdc�gdtqhrshb]kkx�hm�Z20[�
sg]s�sgd�s]hkr�ne�sghr�fdmthmd�sq]udkhmf�v]ud�rnktshnm�]qd�cnt,
akx� dwonmdmsh]k� q]sgdq� sg]m� sqtkx� bnlo]bs� %]r� rtffdrsdc�ax�
sgd� bnmshmttl�]ooqnwhl]shnm�ne� dpt]shnm  %05(( vgdm� sgdqd�
hr� mn� oqdbnloqdrrhnm-� Sghr� e]bs� v]r� oqnudc� rtardptdmskx
hm� Z44[� ax� enqltk]shmf� sgd� ]cu]mbd’cdk]x� dpt]shnm  %07(
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%vhsg�δ < // (�]r�]� wdc,onhms�oqnakdl9�Trhmf�sgd�sq]mrenql�
� ( }� (∫φ ξ φ< ξ

+∞

∞
j jd cjh �kd]cr�eqnl�dpt]shnm %07(�sn

}� ( )⎜ ⎟
⎛
⎝

⎞
⎠φ φ<j

b
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rhmb

1
)

1
1 2 1 %08(

vgdqd�sgd�g]s� �cdmnsdr�sgd�%v]udmtladq,cdodmcdms(�Entqhdq�
sq]mrenql ne� sgd� ro]sh]k� u]qh]akd- Hmunjhmf� sgd� bnmunktshnm�
sgdnqdl�xhdkcr

∫φ ξ ξ φ ξ φ< Λ � < Λ +
+∞

∞
x x cx)2.1 2.1� ( � ( � ( � ( %1/(

vgdqd� � ( � ) ( ] ∣ ∣ {ξ ξΛ < +b0 l]w 0 ) /1 -� Vhsgnts� knrr� ne� fdmdq,
]khsx� %fhudm� sgd� rb]khmf� oqnodqshdr� ne� dpt]shnm  %5(()� nmd� b]m�
]rrtld�sg]s�b��<��0-�Trhmf� ξ< +y x�]mc�bg]mfhmf�u]qh]akdr�hm�
%1/(�sgdm�xhdkcr

∫φ ξ φ ξ φ ξ

φ ξ φ ξ
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+
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vgdqd�vd�trdc�nmkx�sgd�e]bs�sg]s � (/ [
)φ ξ+ + <∈ + xrto 0x 0)0

2 1

φ ξ2 1� () � enq� ]� onrhshud)� lnmnsnmhb]kkx� cdbqd]rhmf� sq]udkhmf�

v]ud�%]mc�sgd�mnql]khy]shnm� � (∫ Λ <
+

y yc 0
0

0
(-�Sghr�drs]akhrgdr�

sgd�cntakx,dwonmdmsh]k�cdb]x�enq� sq]udkhmf�rnkhs]qx�v]udr�hm�

fq]mtk]q�bg]hmr�vhsg�]�Gdqsyh]m onsdmsh]k o��<��2.1) ]mc�hs�rgnvr�

enq�fdmdq]k�dwonmdmsr�o�sg]s�φ φ}m
o
/

m

�]r� →∞m -�Dpt]shnm %1/(�

]krn� oqnuhcdr� ]m� de bhdms� mtldqhb]k� ]kfnqhsgl� enq� sgd� bnl,
ots]shnm� ne� rtbg� v]udr� ax� rdsshmf� to� ]� wdc,onhms� hsdq]shnm�
rbgdld� %rdd� Z44)� rdbshnm  3[(-� Trhmf� ]m� hsdq]shud� rbgdld� hm�
Entqhdq�ro]bd�%d-f-�dpt]shnm %08((�enq�sgd�bnlots]shnm�ne�rnkh,
s]qx�v]udr�hm�sgd�bnmsdws�ne�EOT�k]sshbdr�v]r� qrs�hmsqnctbdc�
hm�Z73[-�Rsde]mnu�]mc�Jduqdjhchr�Z073[�trdc�]�qdenqltk]shnm�
ne�dpt]shnm %1/(�sn�oqnud�sgd�dwhrsdmbd�ne�adkk,rg]odc)�lnmn,
snmhb]kkx�cdb]xhmf�sq]udkhmf�v]udr�enq�ξ= /�ax�bnmrsqtbshmf�
]m�dmdqfx�etmbshnm]k�enq�vghbg�sgd�bnmrsq]hmdc�lhmhlhy]shnm�
oqnakdl�nudq�adkk,rg]odc�dmsqhdr�g]r�]�rnktshnm-�Sgd�oqnne�v]r�
fdmdq]khydc�hm�Z074[�enq�fq]mtk]q�bg]hmr�vhsg�mnmydqn�oqdbnl,
oqdrrhnm-� Hm� sgd� k]ssdq� rbdm]qhn)� sgd� oqdbnloqdrrhnm� ]arnqar�
lnrs� ne� sgd� cdb]x� hm� sgd� drshl]sd� ne� dpt]shnm  %10()� kd]uhmf�
� (φ ξ+ 0 �antmcdc�]anud�ax� � (φ ξ �ltkshokhdc�ax�]�rths]akd oqde,

]bsnq-�Cdb]x�hm�sghr�b]rd�hr�sgtr�dwonmdmsh]k)�]r�nardqudc�ansg�
mtldqhb]kkx�]mc�dwodqhldms]kkx�Z035[-�Sgd�]rrnbh]sdc�v]udr�

]qd�rsqnmfkx�qdlhmhrbdms�ne�sgd�rtodqrnmhb�v]udr�ne�rs]mc]qc
EOT� bg]hmr� Z074[-� Lnqdnudq)� sgd� roddc� ne� rntmc� hr� qdk]sdc�

sn�sgd�oqdbnloqdrrhnm9� δ∝
+

b or

o

/

0
1 )�hm�khmd�vhsg�sgd�bg]q]b,

sdqhy]shnm�ne� sgd�δ < // � b]rd�]r�]� ^rnmhb�u]bttl‘� Z035[-�Vd
vhkk� etqsgdq� chrbtrr� fq]mtk]q� bg]hmr� vhsg� oqdbnloqdrrhnm� hm�
rdbshnm 4-3-

Nmd� b]m� rstcx� sgd� rs]ahkhsx� ne rs]shnm]qx� rnktshnmr�φ/� ne
dpt]shnm  %07(� ax� dw]lhmhmf� sgd� e]sd� ne� rl]kk� odqstqa]shnmr�
]qntmc� sgdl- Lnqd� bnmbqdsdkx)� nmd� rtarshstsdr� sgd� khmd]qh,
y]shnm� ]mr]sy� � ( � (ξ φ ε ξ> < + λs Y d) s/ � hmsn� dpt]shnm %06(� sn
nas]hm�sgd�dhfdmu]ktd�oqnakdl
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@� rhlhk]q� enqltk]shnm� v]r� trdc� sn� rstcx� sgd� rs]ahkhsx� ne
sq]udkhmf� jhmj� rnktshnmr� ne� sgd� rhmd,Fnqcnm� dpt]shnm  Z0/0[-
Sgd�rs]ahkhsx�oqnodqshdr�ne�fdmthmd�rnkhs]qx,v]ud�rnktshnmr�]qd�
tmjmnvm�eqnl�]�l]sgdl]shb]kkx�qhfnqntr�odqrodbshud)�]ksgntfg�
ansg� chqdbs� mtldqhb]k� rhltk]shnmr� ]mc� dwodqhldmsr� rtffdrs�
nudqvgdklhmfkx�sg]s�sgdx�ltrs�ad�rs]akd�Z035)�1/3[-�Lnqdnudq)
hs�hr�mns�dudm�bkd]q�he�sgd�rs]ahkhsx�bg]q]bsdqhrshbr ne�rs]shnm]qx�
rnktshnmr�ne�sgd�]cu]mbd’cdk]x�dpt]shnm %06(�]qd�hmgdqhsdc�ax�
sgd�bnqqdronmchmf rnktshnmr�ne�sgd�chrbqdsd�dpt]shnm %5(-�Lnqd
fdmdq]kkx)� sghr� hr�]m� hlonqs]ms�ptdrshnm�]ants� sgd�rs]ahkhsx�ne�
sq]udkhmf�v]udr�nm�k]sshbdr)�]r�sgd�lncdk�hm�dpt]shnm %06(�bnm,
s]hmr�ro]sh]k�rb]kdr�sg]s�]qd�hm�rnld�rdmrd�^hm]bbdrrhakd‘�sn�sgd
nqhfhm]k� k]sshbd� %h-d-� nmdr sg]s� ]qd� adknv� sgd� rb]kd� ne� sgd� k]s,
shbd�ro]bhmf(-�Bnmrdptdmskx)�nmd�b]m)�hm�oqhmbhokd)�dmuhrhnm�]
rbdm]qhn� hm� vghbg� dpt]shnm  %06(� hmbktcdr� hmrs]ahkhshdr� vgnrd�
hloqhms�b]mmns�nbbtq hm�sgd�nqhfhm]k�rxrsdl�hm�dpt]shnm %5(-

Hm� sgd� ]ardmbd� ne� qhfnqntr� l]sgdl]shb]k� qdrtksr)� mtldq,
hb]k�bnlots]shnmr�fhud�]mnsgdq�qntsd�sn�f]sgdq�hmenql]shnm�nm�
sgd� rs]ahkhsx�ne� sq]udkhmf�v]udr� hm�fq]mtk]q� bg]hmr-�Nmd� sgdm�
qdpthqdr� ] mtldqhb]k� ]ooqnwhl]shnm� ne� dpt]shnm  %07()� vghbg
nmd�b]m�]bghdud�ax�chrbqdshyhmf�dpt]shnm %07(�hm�sgd�u]qh]akd�
ξ� ]mc�dloknxhmf�Mdvsnm� hsdq]shnmr� sn�]ooqnwhl]sd� sgd�rnkt,
shnm� Z42)� 1/3)� 10/[-� Tonm� sghr� chrbqdshy]shnm)� dpt]shnm  %11(�
adbnldr�]�rs]mc]qc�l]sqhw�dhfdmu]ktd�oqnakdl-�Nmd�ltrs ad�
b]tshntr)� gnvdudq)� adb]trd� sgd� chrbqdshy]shnm� b]m� hmsqnctbd�
rotqhntr�dhfdmu]ktdr�Z10/)�105[-�Hmcddc)�sgd�adrs�bgnhbd�ne�chr,
bqdshy]shnm�enq�rs]ahkhsx�bnlots]shnmr�hr�]krn�]m�nodm�oqnakdl-

Ehftqd�4-� Bnlo]qhrnm�ne�bnmshmttl�]ooqnwhl]shnmr�]mc�fdmthmd�rnkhs]qx,v]ud�rnktshnmr�ne�dpt]shnm %5(�enq�%](�o��<��2.1)�%a(�o��<��2)�]mc�
%b( o��<��00-�Sgd�l]qjdqr�rgnv�sgd�v]ud�nm�sgd�k]sshbd)�cnssdc�btqudr�rgnv�sgd�bnqqdronmchmf�rnktshnmr�ne�sgd�bnmshmttl�lncdk�%12()�
]mc�c]rgdc�btqudr�rgnv�dpt]shnm %05(-�Sgd�]ooqnwhl]shnm�cndr�onnqdq�]r�sgd�mnmkhmd]qhsx�dwonmdms�o�hmbqd]rdr-�Qdoqhmsdc� ftqd�vhsg�
odqlhrrhnm�eqnl�Z6[)�Bnoxqhfgs�%1//8(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-
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@m� hlonqs]ms� bnlokdldms]qx� ]ooqn]bg� sn� tmcdqrs]mchmf�
sgd�rs]ahkhsx�ne�]�sq]udkhmf�v]ud�rnktshnm�ne�dpt]shnm %5(�sgqntfg�
]m]kxrhr�ne�dpt]shnm %06(�sg]s�qdrodbsr�sgd�tmcdqkxhmf�chrbqdsd,
mdrr�ne�sgd�k]sshbd�lncdk�hr�sn�bnmrhcdq�sq]udkhmf�v]udr�]r�odqh,
nchb�nqahsr�hlonrdc�]s�sgd�kdudk�ne�sgd�nqhfhm]k�k]sshbd�Z56[-�Hm�
nsgdq�vnqcr)�sgdx�]qd� wdc�onhmsr�ne�sgd�cxm]lhb]k�dunktshnm�
oqnbdrr�ne� sq]udk�ax�nmd�rhsd� enkknvdc�ax�]m� hmsdfdq�rghes�ne�
sgd�rhsdr-�Sghr�uhdvonhms�v]r�dwoknqdc�enq�sq]udkhmf�aqd]sgdqr�
hm�Z64[-�Hm�ntq�uhdv)�otqrthmf�ansg�ne�sgdrd�]ooqn]bgdr�%chr,
bqdsd�udqrtr�bnmshmttl()�bnlo]qhmf�sgdhq�rodbsq]�%rdd�]krn�sgd�
qdbdms�vnqj�ne� Z42[()� ]mc�]ooqdbh]shmf� sgdhq� rhlhk]qhshdr� ]mc�
cheedqdmbdr�hr�]�bqtbh]k�nodm�]qd]�hm�sgd�l]sgdl]shb]k�]m]kxrhr�
ne�sq]udkhmf�v]udr�hm�chrbqdsd�G]lhksnmh]m�rxrsdlr-

4-2-� Nsgdq�bnmshmttl�lncdkr�Tmc�sgdhq�khlhsTshnmr

@ksgntfg�sgd�]fqddldms�adsvddm�sgd�pt]rhbnmshmttl�]ooqnw,
hl]shnm�%04(�]mc�mtldqhb]k�bnlots]shnmr�rddlr�r]shre]bsnqx�
enq�sgd�dwonmdms�o��<��2.1)�sgd�kdudk�ne�]fqddldms�adbnldr�oqn,
fqdrrhudkx� kdrr� r]shre]bsnqx� ]r�o hmbqd]rdr)� ]r� v]r� chrbtrrdc�
rxrsdl]shb]kkx�hm�Z6[ %rdd� ftqd 4(-�Bnmrdptdmskx)�hs�hr�m]stq]k�
sn�]rj�he�hs�hr�onrrhakd�sn�cdqhud�sgd�pt]rhbnmshmttl�lncdk�ne�
dpt]shnm  %2(� hm� ]� l]sgdl]shb]kkx� qhfnqntr� v]x–enq� dw]l,
okd)�ax�antmchmf�sgd�dqqnq�ne�sgd�]ooqnwhl]shnm�hm�]�rths]akd�
mnql� hm� sdqlr� ne� rnld� rl]kk� o]q]ldsdq-� Trhmf� sgd� rb]khmf�
� ( � (P P <X m s X W S) ) )�nmd�b]m�cdqhud�sgd�enkknvhmf�bnmshmttl�

lncdk�eqnl�sgd�rsq]hm,u]qh]akd�enqltk]shnm�%5(�ne�]�fq]mtk]q�
bg]hm�Z6)�27)�73)�1/1[9
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Khjd� dpt]shnm  %05()� sgd� lncdk� %12(� ]krn� onrrdrrdr� rnkt,
shnmr� vhsg� bnlo]bs� rtoonqs-� Dpt]shnm  %12(� hr� ]� rsqnmfkx�
mnmkhmd]q� lncdk� qdlhmhrbdms� ne� sgd� Antrrhmdrp� dpt]shnm-�
Ansg� dpt]shnm  %04(� ]mc� dpt]shnm  %12(� ]qd� o]sgnknfhb]k� hm�
sgd�rdmrd� sg]s� sgdx�]qd� hkk,onrdc� enq�o��<��0�adb]trd�ne� k]qfd,
v]udmtladq� hmrs]ahkhshdr� hm� sgd� ]rrnbh]sdc� chrodqrhnm� qdk],

shnm� Pω < +j j1 1
01

3
1

� Z36[-�Sgd� e]bs� sg]s� hmrs]ahkhshdr� ]s� k]qfd�

j�kd]c�sn�hkk,onrdcmdrr�ne�dpt]shnm %12(�g]r�addm�rstchdc�ansg�
mtldqhb]kkx�]mc�ax�cdlnmrsq]shmf�hmrs]ahkhsx�ne�sgd�bnlo]bs�
rnktshnmr� Z83[-�@ksdqm]shud� o]sgr� Z057)� 058[� %rdd� ]krn� Z035)�
rdbshnm 0-3[(� enq� ^qdftk]qhyhmf‘� sgdrd� dpt]shnmr ]qd�onrrhakd-�
Enq�dw]lokd)�nmd�b]m�vqhsd
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ax�hmudqshmf� P+ ∂0 W01
11

�hm�dpt]shnm %12(�]mc�S]xknq�dwo]mchmf�hs�

nm�sgd�kdes,g]mc�rhcd-�Gnvdudq)�dpt]shnm %13(�]krn�g]r�hrrtdr)�
]r�mnv�sq]udkhmf�v]udr�]bpthqd�]m�dwonmdmsh]k� s]hk� Z82[�]mc�
sgtr�cn�mns�onrrdrr�sgd�oqnodq�cntakx,dwonmdmsh]k�cdb]x�Z44)�
073[-�Hs�hr�]krn�hmsdqdrshmf�%]mc�]m�nodm�]udmtd(�sn�bnmrhcdq�]�
u]qh]ms�ne�dpt]shnm %12(�hmunkuhmf�O]cá�]ooqnwhl]shnmr�Z0/3)�
057)�058)�1/1[�ne�sgd�enql
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@r�]m�]rhcd)�vd�mnsd�sg]s�nmd�b]m�chqdbskx�]ooqnwhl]sd�sgd�
rnkhs]qx sq]udkhmf�v]ud�ne�dpt]shnm %2(�trhmf�]�O]cá�]ooqnw,
hl]shnm�ax�rtarshstshmf�sgd�]mr]sy
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i i
i

hmsn�]�mnql]khydc�u]qh]ms�ne�dpt]shnm %07(�]mc�rnkuhmf�]m�]kfd,
aq]hb�rxrsdl�enq�sgd�pi�Z072[-�Sgd�bnmshmttl�lncdkr�]anud�]qd�
rnldvg]s�tmr]shre]bsnqx)�]r�sgdx�qdpthqd�]m�]qahsq]qx�sqtmb],
shnm�hm�sgd�S]xknq�dwo]mrhnm�ne�sgd�mnmkhmd]qhsx-�@�lnqd�l]sg,
dl]shb]kkx�rntmc�]ooqn]bg�hr�onrrhakd�ax�cd mhmf� P< +o 0
]mc�bnmrhcdqhmf�]m�]ooqnwhl]shnm�hm�sgd� →P /�khlhs�%h-d-�hm sgd
uhbhmhsx�ne�sgd�khmd]q�khlhs(-�Nmd�sgdqdax�cdqhudr�sgd�rn,b]kkdc
^knf,JcU�dpt]shnm‘�Z82[

� �∣ ∣((∂ + ∂ + ∂ <X X X Xknf /S W W
2� %15(

trhmf� sgd� rb]khmf� � � ( ( � (P P+ <X m s s X W S) )2 -� Dpt]shnm  %15(
onrrdrrdr� ]m� dw]bs� F]trrh]m� sq]udkhmf� v]ud� rnktshnm-� Sgd�
dw]bs�rnkhs]qx,v]ud�rnktshnm�ne�dpt]shnm %07(�]mc�sgd�bnlo]b,
snm�rnktshnm�ne�%12(�ansg�]ooqn]bg�sghr�F]trrh]m�oqn kd�hm�sgd�
→P / khlhs�enq�md]q,rnmhb�v]ud�roddcr-�Gnvdudq)�sgd�F]trrh]m�

sq]udkhmf� v]ud� cndr� mns� b]ostqd� sgd� cntakx,dwonmdmsh]kkx�
cdb]xhmf�bngdqdms�rsqtbstqd�]r�o�cduh]sdr� eqnl�0�%]mc�drod,
bh]kkx�enq�o��<��2.1)�vgdqd�hs�e]hkr�ax�]ants�24�!(-�Hs�hr�tmbkd]q�he�
dpt]shnm %15(�hr�vdkk,onrdc)�]r�sgd�mnmkhmd]q�sdql�chudqfdr�]s�
X��<��/-�Bnmrdptdmskx)�]�etkk�tmcdqrs]mchmf�ne�bnmshmttl�lnc,
dkhmf�ne�]�otqdkx�mnmkhmd]q�fq]mtk]q�bg]hm�qdl]hmr�]�che btks�
oqnakdl�sg]s�g]r�nmkx�o]qsh]kkx�addm�]ccqdrrdc-

4-3-�PqTudkhmf�rnkhsTqx�vTudr�hm�oqdbnloqdrrdc�DqTmtkTq�
bgThmr

He�]�fq]mtk]q�bg]hm�hr�bnloqdrrdc�rs]shb]kkx�%rtbg�sg]s�δ ≠ // ()
hsr� fnudqmhmf� dpt]shnm  %2(� hr� khmd]qhy]akd)� ]mc� sgd� qdrtkshmf
cxm]lhbr�cheedq�rsqhjhmfkx�eqnl�sgd�b]rd�vhsgnts�oqdbnloqdr,
rhnm-�@r�vd�hmchb]sdc�oqduhntrkx�%rdd�rdbshnm 4-1()�sgd�rtodq,
rnmhb� v]udr� hm� sghr� b]rd� onrrdrr� s]hkr� vhsg� ]m� dwonmdmsh]k�
cdb]x�%q]sgdq� sg]m�sgd�cntakx,dwonmdmsh]k�cdb]x�ne�]�otqdkx�
mnmkhmd]q�fq]mtk]q�bg]hm(-�Sghr�hlokhdr�sg]s�sgd�sq]udkhmf�v]ud�
rnktshnm�ne�sgd�otqdkx�mnmkhmd]q�oqnakdl�hr�]�rhmftk]q�khlhs–
q]sgdq�sg]m�]�qdftk]q�khlhs–ne�sgd�sq]udkhmf�v]ud�rnktshnm�]r�
sgd�oqdbnloqdrrhnm�sdmcr�snv]qc�/-

Hm� sgd� oqdrdmbd� ne� oqdbnloqdrrhnm)� sgd� rb]khmf�
� � ( ( � (P P+ <X m s s X W S) )2 � kd]cr� sn� ]mnsgdq� knf,JcU� dpt],

shnm)�rhlhk]q�sn�dpt]shnm %15()�sg]s�hr�vdkk,onrdc�%adb]trd�sgd�
mnmkhmd]q�sdql�hr�mn�knmfdq�chudqfdms(�Z43[-�Sghr�u]qh]ms�ne�sgd�
knf,JcU�dpt]shnm hr�]�trdetk�lncdk�enq�fdmdq]k�hmhsh]k�c]s])�]r�
noonrdc� sn�dpt]shnm %15()�vghbg� hr� qdkdu]ms�nmkx�enq�rodbh]k�
rnktshnmr-�@�qhfnqntr�itrsh b]shnm�ne�sghr�knf,JcU�dpt]shnm ]r�
]m�]bbtq]sd�bnmshmttl�khlhs�ne�]�fq]mtk]q�bg]hm�vhsg�oqdbnl,
oqdrrhnm�%cd mdc�hm�dpt]shnm %5((�v]r�fhudm�hm�Z43[-

@cchmf� oqdbnloqdrrhnm� ]krn� hmsqnctbdr� ]� m]stq]k� rl]kk�
o]q]ldsdq� δ{ {�x 0m m/)) �enq�sgd�rsq]hm�]lokhstcd�xm�qdk]shud�sn�sgd�
oqdbnloqdrrhnm�u]ktd�δ m/) -�Enq�rnktshnmr�vhsg�rl]kk�rsq]hm�l]f,
mhstcd�…xm…)�sgd�mnmkhmd]q�qdronmrd�hr�vd]j)�]mc�nmd�b]m�cdrbqhad�
sgd�cxm]lhbr�ne�]�fq]mtk]q�bg]hm�sgqntfg�hsr�]rrnbh]sdc�S]xknq�
dwo]mrhnm-�Bnmshmttl�lncdkhmf�ne� sgd�EOT�dpt]shnm vhsg�]�
onkxmnlh]k�onsdmsh]k�hr�vdkk,tmcdqrsnnc�Z54)�063[-�Enq�dw]lokd)
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trhmf�sgd�rb]khmf� � � ( ( � (P P P P< + <x X m bs s X W S) )m
1 2 1 �]ookhdc�

sn ]�oqdbnloqdrrdc�fq]mtk]q�bg]hm�vhsg�sgd� qrs�sgqdd�sdqlr�hm�
hsr�S]xknq�dwo]mrhnm�%rdd�dpt]shnm %0/((�kd]cr�sn�sgd�Jnqsdvdf’
cd,Uqhdr�%JcU(�dpt]shnm Z101[
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)S W W

1
2

2
1 %16(

vgdqd�nmd�bgnnrdr�δ/�rn�sg]s�J1��<��0-�Sgd�rnkhsnm�rnktshnm�ne�
sgd�JcU�dpt]shnm %16(�oqnuhcdr�] qd]rnm]akd�]ooqnwhl]shnm�
ne�sgd�fdmthmd�sq]udkhmf�rnkhs]qx,v]ud�rnktshnm�ne�]�oqdbnl,
oqdrrdc� fq]mtk]q� bg]hm� enq� udknbhshdr� b� bknrd� sn� %ats� ]anud(�
sgd�rntmc�roddc�br-�Rnkhs]qx,v]ud�hmsdq]bshnmr�g]ud�]krn�addm�
dwoknqdc�hm�sghr�bnmsdws�Z066[-�Sgd�JcU�cdrbqhoshnm�g]r�addm�
rstchdc�qhfnqntrkx�%vhsg�dqqnq�drshl]sdr(�enq�]�lnmnldq�EOT�
bg]hm�Z54)�063[-� Hm�rs]qj�bnmsq]rs� sn�fq]mtk]q�bg]hmr�vhsgnts�
oqdbnloqdrrhnm)� sgdqd� ]qd� qhfnqntr� qdrtksr� mns� nmkx� enq� sgd�
dwhrsdmbd�ne�sq]udkhmf�rnkhs]qx�v]udr�ats�]krn�hm�cdrbqhoshnmr�ne�
ansg�sgdhq�khmd]q�]mc�mnmkhmd]q�rs]ahkhsx�Z55’57[-�@cchshnm]kkx)�
Z21)�6/[�qhfnqntrkx�cdqhudc�sgd�JcU�dpt]shnm enq�chldq�]mc�
L,ldq�fq]mtk]q�bg]hmr�%rdd�rdbshnm 4-4(-

4-4-�PqTudkhmf�rsqtbstqdr�hm�bnm ftqTshnmr�nsgdq�sgTm��
lnmnldq�bgThmr

Kds�tr�mnv�chrbtrr� rsqhjhmf� sgd� dmc�ne� ]�gdsdqnfdmdntr� %h-d-�
mnmtmhenql(� fq]mtk]q� bg]hm-� Fdmdqhb]kkx)� enq� gdsdqnfdmdntr�
bg]hmr)�nmd�cndr�mns�nardqud�sgd�enql]shnm�ne�]�bnmrs]ms,rg]od�
sq]udkhmf�rsqtbstqd�sg]s�oqno]f]sdr�hmcd mhsdkx�%]r�hm� ftqd 3(-�
Enq�dw]lokd)�enq�]�ch]snlhb�fq]mtk]q�bg]hm�sg]s�bnmrhrsr�ne�]ksdq,
m]shmf�khfgs�]mc�gd]ux�l]rrdr)�sgd�khfgsdq,l]rr�o]qshbkdr�uhaq]sd�
adsvddm�]ci]bdms o]qshbkdr�ne�gd]uhdq�l]rr�]esdq�sgd�hmhsh]k v]ud�
eqnms�g]r�o]rrdc-�Sghr�b]m�qdrtks�hm�sgd�]ssdmt]shnm�ne�]�sq]udk,
hmf�v]ud-�Gdmbd)�]ksgntfg�d]qkx�mtldqhb]k�]mc�dwodqhldms]k�
%]mc�gdtqhrshb�]m]kxshb]k(�rstchdr�enq�ch]snlhb�%]mc�sqh]snlhb(�
fq]mtk]q�bg]hmr�rtffdrsdc�sgd�onrrhakd�dwhrsdmbd�ne�oqno]f]s,
hmf�rsqtbstqdr�Z050)�051[)�]�lnqd�rxrsdl]shb�dw]lhm]shnm�ne sgd�
cxm]lhbr�qdud]kdc�]m�hmsqhfthmf�ogdmnldmnknfx�sg]s�cdodmcr�
nm�sgd�q]shn�ne�khfgs�sn�gd]ux�l]rrdr�Z84[-�Sghr�q]shn�hr�]�b]mnmh,
b]k�o]q]ldsdq�ne�]�ch]snlhb�bg]hm)�]mc�otkrd�]ssdmt]shnm�b]m�ad�
rhfmh b]ms�]s�rodbh]k�l]rr�q]shnr�%h-d-�]s�^qdrnm]mbdr‘(�Z84)�85[)�

]r�g]r�addm�rstchdc�ansg�sgdnqdshb]kkx�Z85[�]mc�dwodqhldms]kkx�
Z0/8)�1/0[-�Hmsdqdrshmfkx)�enq�]mnsgdq�rds�ne�rodbh]k l]rr�q]shnr�
%h-d-�]s�rn,b]kkdc�^]msh,qdrnm]mbdr‘(� Z84[)� sgdqd�rddlr�sn�dwhrs�
]�fdmthmd�sq]udkhmf�v]ud�rsqtbstqd)�]r�sgd�uhaq]shmf�eqdptdmbx
ne� sgd� khfgsdq� o]qshbkdr� hr� hm� rxmbgqnmx� vhsg� sgd� v]ud� roddc�
ne�sgd�sq]udkhmf�rsqtbstqd)�rn�dmdqfx�hr�sq]mredqqdc�bnlokdsdkx
eqnl� sgd� khfgsdq� sn� sgd�gd]uhdq�o]qshbkdr�]mc�uhbd�udqr]-�Sghr�
k]ssdq� ed]stqd� g]r� ]krn� addm� bnm qldc� dwodqhldms]kkx� Z0/8[-
%Rdd�Z086[�enq�sgd�qdk]sdc�b]rd�ne ]�ch]snlhb�Snc]�k]sshbd-(�Hm�
bnmsq]rs�sn�sgd�rnkhs]qx�v]udr�ne�]�lnmnldq�bg]hm)�sgd�s]hkr�ne�]�
rnkhs]qx�v]ud�hm�]�chldq�g]ud�rl]kk,]lokhstcd�nrbhkk]shnmr�sg]s�
cn�mns�cdb]x�sn�/�Z84)�051[-�Hs�hr�]m�nodm�oqnakdl�he�sgdqd�]qd�
hmcddc�rodbh]k�l]rr�q]shnr�hm�vghbg�sgd�nrbhkk]shmf�s]hkr�u]mhrg�
%h-d-�he�sgdqd�dwhrsr�]�fdmthmd�rnkhs]qx�v]ud�vhsg�dwonmdmsh]kkx�
cdb]xhmf�s]hkr�hm�ch]snlhb�fq]mtk]q�bg]hmr(-�Sghr�ptdrshnm�g]r�
addm�]mrvdqdc�o]qsh]kkx�hm�sgd�qdk]sdc�oqnakdl�ne�]�ch]snlhb�
EOT�oqnakdl�vhsg�]�onkxmnlh]k�onsdmsh]k�Z48[-�Sgdqd)�hs�v]r�
rgnvm�qhfnqntrkx�sg]s�rnkhs]qx�v]udr�dwhrs�md]q�rnmhb roddc�]mc�
sg]s�sgdx�]qd�sgd�rtodqonrhshnm�ne�]�odqhnchb�sq]udkhmf�v]ud�%sgd�
s]hk(� ]mc� ]m� dwonmdmsh]kkx� knb]khydc� etmbshnm-� Gnvdudq)� Z48[�
chc�mns�fhud�]�knvdq�antmc�enq�sgd�]lokhstcd�ne�sgd�odqhnchb�
sq]udkhmf�v]ud)�rn�nmd�b]mmns�ft]q]msdd�sg]s� sghr�^nrbhkk]shmf
s]hk‘� hr� mnmydqn� enq� ]kk� l]rr� q]shnr-�Sgdhq� qdrtks� ]ookhdr� sn� ]�
oqdbnloqdrrdc� fq]mtk]q� bg]hm)� ats� sgd� ldsgncnknfx� hm Z48[�
b]mmns�ad�trdc�enq�]�otqdkx�mnmkhmd]q�fq]mtk]q�bg]hm-�Sgd�dw]bs�
mtldqhb]k� bnlots]shnm� ne� rnkhs]qx� v]udr� vhsg� mnmu]mhrghmf�
s]hkr� hm�]�fq]mtk]q�bqxrs]k� hr�]m� hmsqhfthmf�nodm�oqnakdl)�]mc�
hs�hr�]krn�nodm�sn�odqenql�rxrsdl]shb�mtldqhb]k�hkktrsq]shnmr�ne�
sghr�ogdmnldmnm)�he�hs�dwhrsr)�hm�sgd�rsqnmfkx�mnmkhmd]q�khlhs-

@�u]qhdsx�ne�rhlhk]q�ed]stqdr�sn�sgd�nmdr�sg]s�vd�cdrbqhadc�
hm� sgd�o]q]fq]og�]anud�]qhrd� hm� ^knb]kkx� qdrnm]ms�bg]hmr‘)� hm�
vghbg�d]bg�o]qshbkd�hr�bnmmdbsdc�sn�]�uhaq]shmf�%qdrnm]snq(�dkd,
ldms� %rdd� ftqd 5(-�Enq ]� khmd]q� qdrnm]snq)� sgd� dpt]shnmr ne
lnshnm�]qd
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Ehftqd�5-� %](�@�vnncohkd�bg]hm)�vghbg�b]m�ad�lncdkdc�]r�%a(�]�knb]kkx�qdrnm]ms�fq]mtk]q�bqxrs]k-�%](�]mc�%a(�Qdoqhmsdc� ftqd�vhsg�
odqlhrrhnm�eqnl�Z00/[)�Bnoxqhfgs�%1/04(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-�%b(�@�l]rr,hm,l]rr�fq]mtk]q�bg]hm-�Qdoqnctbdc�vhsg�
odqlhrrhnm�eqnl�Z32[-
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vgdqd�um�hr�sgd�chrok]bdldms�ne�sgd�]ss]bgdc�qdrnm]snq�%vgnrd�
l]rr� vd� g]ud� rb]kdc� sn� 0� hm� dpt]shnm  %17(-� Ogxrhb]k� dw]l,
okdr�ne� knb]kkx� qdrnm]ms�bg]hmr� hmbktcd� ^vnncohkd‘�ognmnmhb�
rsqtbstqdr�%rdd� ftqd 5()�vghbg�bnmrhrs�ne�]�rs]bjdc�]qq]x�ne�
bxkhmcdqr� %h-d-� qncr()� vgnrd� admchmf� lncdr� ]qd� lncdkdc� ]r�
uhaq]shmf�dkdldmsr�Z00/[:�̂ l]rr,vhsg,l]rr‘�rxrsdlr�%hm�vghbg�
sgd� qdrnm]snqr� ]qd� dwsdqm]k� q]sgdq� sg]m� hmsdqm]k(� Z61)� 0/5[:�
]mc�^l]rr,hm,l]rr‘�rxrsdlr�%hm�vghbg�d]bg�o]qshbkd�bnms]hmr�
]mnsgdq�uhaq]shmf o]qshbkd(�Z10) 0/5[-�Rnkhs]qx,v]ud�rnktshnmr�
ne�knb]kkx�qdrnm]ms�bg]hmr�]qd�rhlhk]q�sn�sgdhq�bntmsdq�o]qsr�hm�
ch]snlhb�fq]mtk]q�bg]hmr-�Fdmdqhb]kkx)� sgdx�g]ud�mnmu]mhrg,
hmf�nrbhkk]shmf� s]hkr� Z1/3[)�ats� sgdhq� s]hkr�cn�u]mhrg�enq�rnld�
rodbh]k�o]q]ldsdq�u]ktdr-�Rdd� Z1/3[� enq�mtldqhb]k�bnlots],
shnmr�]mc�Z0/4[�enq�]�qhfnqntr�oqnne-�Sgd�vnncohkd�bg]hmr�]krn�
g]ud�]mnsgdq�hmsdqdrshmf�bg]q]bsdqhrshb9�adb]trd�sgd�qdrnm]snqr�
hm�sghr�b]rd�]qd�^hmsqhmrhb‘�%h-d-�sgdx�bnmrhrs�ne�sgd�uhaq]shnm]k�
lncdr�ne�sgd�qncr�sgdlrdkudr()�nmd�b]m�]citrs�sgd�kdmfsg�%]mc�
nsgdq�oqnodqshdr(�ne�sgd�bxkhmcdqr�sn�stmd�sgd�]rrnbh]sdc�hmsdq,
m]k�uhaq]shnm�lncdr-�@�rbdm]qhn�hm�vghbg�ltkshokd�rtbg�lncdr�
]qd� hmunkudc� hm� sgd�cxm]lhbr�v]r�aqn]bgdc� hm� Z00/[)� ]mc� hs�
rddlr�sn�kd]c�sxohb]kkx�sn�]ssdmt]shnm�ne�v]udkhjd�dwbhs]shnmr-

Sq]udkhmf� v]udr� hm� gdsdqnfdmdntr� fq]mtk]q� bg]hmr� vhsg�
mnmodqhnchb� ]qq]mfdldmsr� ]krn� dwghahs� hmsdqdrshmf� ogdmnl,
dm]-�Sgd�deedbs�ne�hlotqhshdr�nm�sq]udkhmf�v]udr�hm�fq]mtk]q�
bg]hmr�hr�vdkk,rstchdc�]mc�qdrtksr�hm�qd©dbsdc�]mc�sq]mrlhssdc�
v]udr�Z065[-�Hmsqhfthmfkx)�hm�sgd�oqdrdmbd�ne�ltkshokd�hlotqh,
shdr� %]r� vdkk� ]r� oqdbnloqdrrhnm()� sgd� cxm]lhbr� b]m� ed]stqd�
qdrnm]ms� hmsdq]bshnmr� sg]s� dm]akd� %odqedbs(� sq]mrlhrrhnm� ne�
rl]kk,]lokhstcd�v]udr�sgqntfg�sgd�hlotqhshdr-�Sghr�]m]knf�ne�
sgd�vdkk�jmnvm�Q]lr]tdq’Snvmrdmc�qdrnm]mbd�hm�pt]ms�tl�
ogxrhbr�v]r�hkktrsq]sdc�qdbdmskx�hm�Z026[-�@mnsgdq�sxod�ne�gds,
dqnfdmdntr�bg]hm�hr�]�s]odqdc�nmd)�hm�vghbg�rnld�ed]stqd�%d-f-�
sgd� l]rr(� ne� sgd� o]qshbkdr� hmbqd]rdr� nq� cdbqd]rdr� fq]ct]kkx�
]knmf�]�bg]hm�%rdd)�d-f-�Z4/)�40)�68)�7/[(-�Nmd�b]m�]krn�cdrhfm�
o]qshbtk]q�gdsdqnfdmdhshdr� sn�lhshf]sd� enqbdr� ]s� sgd� dmc�ne� ]�
bg]hm� Z53[-� Vghkd� sgd� pt]rhbnmshmttl� lncdkhmf� cdrbqhadc�
hm�rdbshnm 4-0�b]mmns�ad�]ookhdc�sn�rtbg�rhst]shnmr)�nmd�b]m�
nas]hm�]m]kxshb]k�]ooqnwhl]shnmr�ax�dloknxhmf�sgd�rn,b]kkdc�
^ahm]qx�bnkkhrhnm�]ooqnwhl]shnm‘)�hm�vghbg�]s�d]bg�shld�nmd�
bnmrhcdqr�sgd�cxm]lhbr�]s�nmkx�svn�k]sshbd�rhsdr�Z016[-

@mnsgdq� hmsqhfthmf� chqdbshnm� ne� hmsdmrd� qdbdms� hmsdqdrs�
hmunkudr� sgd� hmsdqok]x� ne� rsqtbstq]k� chrnqcdq� vhsg� sgd� fq]m,
tk]q� mnmkhmd]qhsx� ]mc� sgd� k]sshbd� chrbqdsdmdrr-� Hm� sgd� aqn]c�

bnmsdws� ne� bnmcdmrdc,l]ssdq� ogxrhbr)� chrnqcdq� %d-f-� hm� sgd�
enql�ne� q]mcnlmdrr(� b]trdr� rsqnmf� knb]khy]shnm–rn,b]kkdc�
^@mcdqrnm�knb]khy]shnm‘–sg]s�]eedbsr�sgd�cheetrhuhsx�ne�v]udr�
hm�chrnqcdqdc�ldch]�Z8)�11[-�Qdbdms�rstchdr�hm�sgd�bnmsdws�ne�
fq]mtk]q� bqxrs]kr� g]ud� cdlnmrsq]sdc� bnlots]shnm]kkx� sg]s�
rtbg�knb]khy]shnm�ogdmnldm]�b]m�ad�]ksdqdc�cq]l]shb]kkx�]mc�
b]m�ad�dudm�qdudqrdc�%]r�rtodqcheetrhud�sq]mronqs�b]m�nbbtq(�
ax� l]mhotk]shmf� sgd� mnmkhmd]qhsx� rsqdmfsg� hm� ldbg]mhb]k�
rxrsdlr� Z5)� 025[� %rdd� ]krn)� d-f-� Z05/)� 07/[(� ]mc� hsr� onsdm,
sh]k� ^bnlodshshnm‘� vhsg� chrnqcdq-� Rtbg� udqr]shkd� cxm]lhbr�
]rrnbh]sdc� vhsg� chrnqcdq� ]mc� mnmkhmd]qhsx� g]ud� addm� rstc,
hdc�nmkx�udqx�qdbdmskx� hm�fq]mtk]q�bqxrs]kr� %]mc)�lnqd�fdm,
dq]kkx)� sgdx� g]ud� mns� addm� rstchdc� ltbg� hm� k]sshbd� rxrsdlr�
vhsg� hmsdq,rhsd� hmsdq]bshnmr(-� Sgdqd� ]qd� mtldqntr� dwbhshmf�
chqdbshnmr�sn�otqrtd�hm�sghr�]qd]-�Rnld�ne�sgdrd�oqdchbshnmr�
g]ud�mnv�addm�udqh dc�dwodqhldms]kkx�Z000[)�ats�]cchshnm]k�
dwodqhldms]k�deenqsr�]qd�mddcdc-�@�e]q�lnqd�cds]hkdc�tmcdq,
rs]mchmf� dwhrsr� enq� k]sshbd� rxrsdlr� vhsg� nm,rhsd� mnmkhmd]qh,
shdr�Z50)�003[)�vgdqd�mnmkhmd]qhsx�oqnlnsdr�knb]khy]shnm�%hm�
sgd�enql�ne�chrbqdsd�aqd]sgdqr()�q]sgdq�sg]m�dm]akhmf�lnahkhsx�
%hm�sgd�enql�ne�sq]udkhmf�v]udr)�]r�hm�EOT,sxod�k]sshbdr(-�@r�
]� qdrtks)� dmdqfx� sq]mronqs� hr�nmkx� rtacheetrhud)�vgdqd]r� %]r�
hmchb]sdc� ]anud(� rtodqcheetrhuhsx� b]m� nbbtq� enq� chrnqcdqdc�
fq]mtk]q� bqxrs]kr� Z5)� 025[-�Sgd� rstcx� ne� chrnqcdq� ]mc� mnm,
khmd]q�]m]knfr�ne�@mcdqrnm�knb]khy]shnm�]qd�hlonqs]ms�chqdb,
shnmr� sn� otqrtd-�Sgdx� ]qd� ]bbdrrhakd� dwodqhldms]kkx)� ]mc� ]�
rxrsdl]shb� sgdnqdshb]k� tmcdqrs]mchmf� ne� ]rrnbh]sdc� rtodq,
cheetrhud�]mc�rtacheetrhud� sq]mronqs� rgntkc�xhdkc� hlonqs]ms�
hmrhfgs�lnqd�fdmdq]kkx�nm� sgd� hmsdq]bshnm�adsvddm�chrnqcdq�
]mc�mnmkhmd]qhsx-

5-� Chrodqrhud�rgnbi�vTudr

@r� vd� chrbtrrdc� hm� rdbshnmr 4-0� ]mc� 4-2)� nmd� b]m� cdqhud� ]�
pt]rhbnmshmttl� ]ooqnwhl]shnm� ne� ]� rnkhs]qx,v]ud� rnkt,
shnm� hm� ]� knmf,v]udkdmfsg� khlhs� ne� ]� lnmn]snlhb� fq]mtk]q�
bg]hm-�Gnvdudq)�]�fdmthmd�rnkhs]qx,v]ud�rnktshnm�hr�rsqnmfkx�
knb]khydc)� vhsg� cntakx,dwonmdmsh]k� s]hk� cdb]x� vgdm� sgdqd�
hr� mn� oqdbnloqdrrhnm� ]mc� dwonmdmsh]k� s]hk� cdb]x� vgdm�
sgdqd� hr� oqdbnloqdrrhnm-� He� nmd� bnmrhcdqr� ]� rhlhk]q� v]ud,
enql)� dwbdos� vhsg� ]� bnmrhcdq]akx� vhcdq� ro]sh]k� rb]kd� %rdd�
 ftqd 6()� hs�]ood]qr)�tonm�dunkuhmf�sgd�hmhsh]k�c]s]�sgqntfg�

Ehftqd�6-� %](�Rsq]hm�oqn kd�ne�]�rnkhs]qx,v]ud�rnktshnm�%qdc�btqud(�hm�]�fq]mtk]q�bg]hm-�Nmd�trdr�]m�]qahsq]qx�knmf,v]udkdmfsg�adkk,rg]odc�
btqud�%aktd�btqud(�]r�hmhsh]k�c]s]�vgdm�rnkuhmf�dpt]shnm %5(-�%a(�Bnmsntq�okns�ne�sgd�dunktshnm�ne�sgd�aktd�btqud�ne�o]mdk�%](�uh]�dpt]shnm %5(-�
Nardqud�sg]s sgd�ghfg,]lokhstcd�onqshnm�ne�sgd�v]ud�%xdkknv(�sq]udkr�e]rsdq�sg]m�sgd�knv,]lokhstcd�o]qs�%khfgs�aktd(-�%b(�Rsq]hm�oqn kd�%]s�
shld�s��<��1/(�rgnvhmf�sgd�nmrds�ne�lhbqnrbnohb�nrbhkk]shnmr)�vghbg�]qd�qdlhmhrbdms�ne�]�chrodqrhud�rgnbj-�%c(�Chrodqrhud,rgnbj�rnktshnm�ne�
sgd�JcU�dpt]shnm- Qdoqnctbdc�vhsg�odqlhrrhnm�eqnl�Z1[-
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dpt]shnm %5()�sg]s�sgd�v]ud�roddc�ne�d]bg�onhms�ne�sgd�v]ud,
enql� cdodmcr� nm� sgd� ]lokhstcd� ]s� sg]s� onhms)� vhsg� k]qfdq�
]lokhstcdr� dms]hkhmf� e]rsdq v]ud� roddcr� %rdd�  ftqd  6%a((-�
Sn�tmcdqrs]mc� sghr�nardqu]shnm�eqnl�]m�]m]kxshb]k�odqrodb,
shud)�nmd�b]m�dloknx�]�pt]rhbnmshmttl�lncdkhmf�]ooqn]bg�
Z035)�rdbshnm 0-3-4[-�Vd�bnmrhcdq�sgd�knmf,v]udkdmfsg�]mr]sy�
< <x X m s X W S) )m � ( � (P P -�Sghr�xhdkcr

/� ( [δ∂ < ∂ +X X -S W
o1 1

/ %2/(

Dpt]shnm�%2/(�hr�qdlhmhrbdms�ne�dpt]shnm %12()�dwbdos�sg]s�
mnv�δ ≠ // �]mc�sgdqd�hr�mn�ghfgdq,nqcdq�bnqqdbshnm�sdql-�Vd�
b]m� qdvqhsd� dpt]shnm  %2/(� ]r� ]� rxrsdl� ne� bnmrdqu]shnm� k]vr�
Z23[9
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hr� sgd� I]bnah]m� l]sqhw� ne�E-� Sgd� dhfdmu]ktdr� ne� � (CE I � ]qd�

� ( � (λ δ<± +±
+o XI o

/
0)� vghbg� rtffdrsr� sg]s� rnktshnmr�

ne� dpt]shnm  %20(� bnmrhrs� ne� sq]udkhmf� v]udr� vhsg� udknbhsx�

� (δ± + +o X o
/

0-�Adb]trd�sgd�udknbhsx�cdodmcr�nm�sgd�]lok,
hstcd�X� ne� sgd� rnktshnm� %vhsg� k]qfdq� roddcr� enq� k]qfdq� ]lok,
hstcdr�he�o��=��0()�adkk,rg]odc�hmhsh]k�c]s]�cdenqlr�]mc�rsddodmr)�
]r�nardqudc�hm� ftqd 6-�Enq�δ ≠ // )� hs�v]r�cdlnmrsq]sdc�qhf,
nqntrkx� hm� Z23[� sg]s� dpt]shnm  %2/(� ]bbtq]sdkx� cdrbqhadr� sgd�
cxm]lhbr�ne�]�fq]mtk]q�bg]hm�nudq�knmf�ats� mhsd�shld�hmsdq,
u]kr-�Sgd�]ooqnwhl]shnm�aqd]jr�cnvm�vgdm�rnktshnmr�ne�dpt],
shnm %2/(�adbnld�rhmftk]q�%d-f-�]s�sgd�onhms�ne�v]ud�aqd]jhmf(-�

Hm�sgd�hmuhrbhc�Atqfdqr�dpt]shnm  � (∂ < ∂t ts w
1 )�sgd�rsddodmhmf�

ne� adkk,rg]odc� hmhsh]k� c]s]� kd]cr� tkshl]sdkx� sn� sgd� enql]shnm�
ne� ^rgnbj� v]udr‘� %h-d-� eqnms� rnktshnmr� sg]s� cdudkno� ]m� hm ,
mhsd�cdqhu]shud�hm� mhsd�shld(�Z41[-�Rtbg�cdqhu]shud�rhmftk]qh,
shdr�b]mmns�]qhrd�hm�]�fq]mtk]q�bg]hm�%adb]trd�hs�hr�chrbqdsd�hm�
ro]bd()�ats�sgd�qdrtks�ne�sgd�]lokhstcd,cdodmcdms�v]ud�roddc�
%rdd� ftqdr 6%a(�]mc�%b((�]mc�rtardptdms�rsddodmhmf�hr�qdlh,
mhrbdms�ne�rxrsdlr�sg]s�onrrdrr�rn,b]kkdc�^chrodqrhud�rgnbjr‘�
Z1[)�hm�vghbg�lhbqnrbnohb�nrbhkk]shnmr�roqd]c�nts�hm�ro]bd�]mc�
shld�%rdd� ftqd 6%c((-�Rnldsghmf�udqx�rhlhk]q�nbbtqr�hm�fq]m,
tk]q� bg]hmr�vhsg�oqdbnloqdrrhnm� Z23[� %rdd� ftqd 6%b(()� oqd,
rtl]akx�adb]trd�ne�sgd�chrodqrhud�qnkd�ne�chrbqdsdmdrr�vgdm�
]�rsqtbstqd�adbnldr�rte bhdmskx�knb]khydc�hm�ro]bd-�Qdbdmskx)�
chrodqrhud� rgnbjr� vdqd� rstchdc� mtldqhb]kkx� hm� EOT� k]sshbdr�
vhsg�fdmdq]k�bnmudw�onsdmsh]kr�enq�]qahsq]qx�Qhdl]mmh]m�%h-d-�
itlo(�hmhsh]k�c]s]�Z71[-�Adb]trd�sgd�o,rxrsdl�b]mmns�cdrbqhad�
sgd�lhbqnrbnohb�nrbhkk]shnmr�nardqudc�hm� ftqd 6%b()�hs�hr�mdb,
drr]qx�sn�otqrtd�nsgdq�]udmtdr�sn�rstcx�sgdl�]m]kxshb]kkx-�Enq�
dw]lokd)�hm�sgd�oqdrdmbd�ne�oqdbnloqdrrhnm)�nmd�b]m�bnmrhcdq�
sgd�JcU�khlhs�%rdd�dpt]shnm %16((�]mc�cdqhud�Vghsg]l�dpt],
shnmr  sn�cdrbqhad� sgd�]lokhstcd�ne� sgd�nrbhkk]shnmr�ne�]�JcU�
chrodqrhud� rgnbj� Z1[-� @� bnlokdldms]qx� odqrodbshud� ]qhrdr�

eqnl�hcdmshexhmf�]� qrs,nqcdq�dpt]shnm %vhsg� � (∝
+

X XS

o

W

0
1 (�hm

]�udhm�rhlhk]q� sn� Z027[�]mc�dwoknqhmf� hsr�mnmkhmd]q� sq]mronqs�
oqnodqshdr-�Nmd�b]m�]krn�bnmrsqtbs�chrbqdshy]shnmr�ne�sghr� qrs,
nqcdq� dpt]shnm ]mc�dw]lhmd� sgd�oqnodqshdr�ne� sgnrd�chrbqdsd�
dpt]shnmr)�]m]knfntr�sn�sgd�chrbqdshy]shnm�]m]kxrdr�ne�Atqfdqr�
dpt]shnm  hm� Z085[-� @r� ntq� chrbtrrhnm� rtffdrsr)� sgd� ]m]kxsh,
b]k� rstcx� ne� chrodqrhud� rgnbjr� hm� fq]mtk]q� bg]hmr� ansg� vhsg�
oqdbnloqdrrhnm� ]mc� %drodbh]kkx(� vhsgnts� oqdbnloqdrrhnm�
hmbktcdr�]�bnmrhcdq]akd�mtladq�ne�e]rbhm]shmf�nodm�ptdrshnmr-

Rgnbj,khjd�rsqtbstqdr�g]ud�addm�rstchdc�dwodqhldms]kkx�hm
fq]mtk]q�bg]hmr�vhsg�o��<��2.1�]mc�δ < // �Z03/[-�Hm�sg]s�vnqj)�
]�^rgnbj�v]ud‘�v]r�fdmdq]sdc�ax�hlo]qshmf�udknbhsx�bnmshmt,
ntrkx�sn�sgd�dmc�ne�]�bg]hm�Z03/[-�@mnsgdq�vnqj�qdkdu]ms�enq�
sgd� dwodqhldms]k� qd]khy]shnm� ne� rgnbjr� hm� fq]mtk]q� ldch]� hr�
Z70[)�vghbg�bnmrhcdqdc�sgd�qnkd�ne�chrrho]shnm-�Sgd�nrbhkk]shnmr�
nardqudc�hm�sgd�rgnbj�v]ud�ne�sgd�G]lhksnmh]m�rxrsdl�%2(�chr,
]ood]q�adxnmc�]�bqhshb]k�u]ktd�ne�sgd�uhrbnrhsx�ne�sgd�c]lodc�
rxrsdl�Z70[-

Ehftqd�7-� @�G]lhksnmh]m�aqd]sgdq�ne�]�ch]snlhb�fq]mtk]q�bg]hm�bnmrhcdqdc�hm�Z080[-�%](�Oqn kd�ne�sgd�chrok]bdldms�tm�]mc�%a(�Eknptds�
rodbsqtl�ne�sgd�rnktshnm�hm�o]mdk�%](-�Sgdqd�hr�]�Eknptds�ltkshokhdq�%EL(�vhsg�lnctktr�fqd]sdq�sg]m�0)�hmchb]shmf�sg]s�sgdqd�hr�]m�hmrs]ahkhsx-�
%](�]mc�%a(�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z08/[)�Bnoxqhfgs�%1/0/(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-�%b(�Ro]shnsdlonq]k�dunktshnm�
ne�sgd�enqbdr�enq�]�rhltk]shnm�ne�sgd�lnctk]shnm�hmrs]ahkhsx�]mc�dmrthmf�aqd]sgdq�fdmdq]shnm�eqnl�hmhsh]k�bnmchshnmr�sg]s�bnqqdronmc�sn�sgd�
knvdq�noshb]k�btsnee�%ok]md,v]ud(�lncd�%rdd� ftqd 2(-�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z1/[)�Bnoxqhfgs�%1/0/(�ax�sgd�@ldqhb]m�
Ogxrhb]k�Rnbhdsx-
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6-� AqdTsgdqr

6-.-� Chrbqdsd�aqdTsgdqr�Tmc�sgdhq�rsTahkhsx

Sgd� m]k� dw]lokd�ne� ]�oqnsnsxohb]k�mnmkhmd]q� rsqtbstqd� hm� ]�
fq]mtk]q� bg]hm� sg]s� vd� vhkk� chrbtrr� hr� ]� ^chrbqdsd� aqd]sgdq‘�
%rnldshldr�]krn�b]kkdc�]m�^hmsqhmrhb�knb]khydc�lncd‘()�vghbg�
hr�sdlonq]kkx�odqhnchb01�]mc�rsqnmfkx�knb]khydc�hm�ro]bd�Z17[-�
Hm� sgd� bnmsdws� ne� ]� fq]mtk]q� bg]hm)� ]� chrbqdsd,aqd]sgdq� %CA(�
rnktshnm�ne�dpt]shnm %2(�r]shr dr�sgd�oqnodqshdr

� ( � ( ∣ ∣
→

< + + <
±∞

+t s t s S t t) khl /)m m a
m

m m 0

vgdqd� Sa� hr� sgd� aqd]sgdq� odqhnc� %rdd� ftqd 7%]((-� Aqd]sgdqr�
]qd�fdmdqhb�dwbhs]shnmr�hm�ro]sh]kkx�dwsdmcdc)�chrbqdsd)�odqhnchb�
%nq�pt]rhodqhnchb(�rxrsdlr�Z51[-�Sgd�ro]m�ne�rxrsdlr�hm�vghbg�
rtbg�rsqtbstqdr�g]ud�addm�rstchdc�hr�aqn]c�]mc�chudqrd9� sgdx�
hmbktcd�noshb]k�v]udfthcd�]qq]xr�]mc�ognsnqdeq]bshud�bqxrs]kr�
Z006[)� lhbqnldbg]mhb]k� b]mshkdudq� ]qq]xr� Z061[)� Inrdogrnm,
itmbshnm� k]ccdqr� Z06)� 084[)� k]xdqdc� ]mshedqqnl]fmdshb� bqxr,
s]kr� Z45)� 064[)� g]khcd,aqhcfdc� sq]mrhshnm� lds]k� bnlokdwdr�
Z075[)� cxm]lhb]k� lncdkr� ne� sgd� CM@� cntakd� rsq]mc� Z047[)�
Anrd’Dhmrsdhm�bnmcdmr]sdr�hm�noshb]k�k]sshbdr�Z030[)�]mc�l]mx�
nsgdqr-

Nmbd�nmd� mcr�]�aqd]sgdq�rnktshnm�mtldqhb]kkx�%d-f-�uh]�]�
 wdc,onhms�hsdq]shnm�ne�sgd�shld,Sa�l]o�ne�]�rxrsdl�ne�hmsdqdrs�
%rdd�rdbshnm 6-6()�]�m]stq]k� enkknvto�ptdrshnm� hr� hsr�rs]ahkhsx-�
Sgdqd�g]ud�addm�dwsdmrhud�rstchdr�ne� sgd�rs]ahkhsx�oqnodqshdr�
ne� aqd]sgdqr� hm� chrbqdsd� G]lhksnmh]m� rxrsdlr� %rdd� Z51)� 3-1[�
]mc�Z01)�52[(-�Enq�aqd]sgdqr�hm�]�fq]mtk]q�bg]hm)�vd�enbtr�nm�
sgd�mnshnm�ne�^rodbsq]k�rs]ahkhsx‘)�vghbg� hr�cdsdqlhmdc� hm� sgd�
enkknvhmf� v]x-� Nmd� ]ccr� ]� odqstqa]shnm� sn� ]� aqd]sgdq� rnkt,
shnm�]mc�trdr�dpt]shnm %2(�sn�cdqhud�]m�dpt]shnm sg]s�cdrbqhadr�
sgd�sdlonq]k�dunktshnm�ne�sgd�odqstqa]shnm-�Jddohmf�nmkx�khm,
d]q�sdqlr�hm�sghr�dpt]shnm xhdkcr�]�Ghkk�dpt]shnm vhsg�sdlon,
q]kkx,odqhnchb�bnde bhdmsr�ne�odqhnc�Sa� %rdd�dpt]shnm %3/(�ne�
rdbshnm 6-6(-�Bnmrdptdmskx)�sgd�dhfdmu]ktdr�%nq�Eknptds�ltksh,
okhdqr(�ne�sgd�]rrnbh]sdc�u]qh]shnm]k�l]sqhw�U%s(�]s�shld�s��<��Sa�
cdsdqlhmd�sgd�rodbsq]k�rs]ahkhsx�ne�aqd]sgdq�rnktshnmr-�Adb]trd�
ne�sgd�G]lhksnmh]m�rsqtbstqd�ne�sgd�rxrsdl)�]kk�Eknptds�ltk,
shokhdqr� %ELr(�ltrs� khd nm� sgd�tmhs� bhqbkd� enq� sgd� rnktshnm� sn�
ad�%l]qfhm]kkx(�rs]akd:�nsgdqvhrd)�sgd rnktshnm�hr�tmrs]akd�%rdd�
 ftqd 7%a((-�Sgdqd�]qd�bnmshmtntr�]qbr�ne�rodbsqtl�nm�sgd�tmhs�
bhqbkd�%hm�sgd hm mhsd,k]sshbd�khlhs()�]mc�nmd�b]m�bnlotsd�sgdrd�
]qbr� eqnl� sgd� khmd]q� rodbsq]k� a]mcr� ne� dpt]shnm  %2(-� Hm� fdm,
dq]k)� sgd� hrnk]sdc ltkshokhdqr�%h-d-� sgd�^onhms�rodbsqtl‘(�ltrs�
ad�bnlotsdc�mtldqhb]kkx�%rdd�rdbshnm 6-6(-�Enq�G]lhksnmh]m�
rxrsdlr)� sgdqd� hr� ]s� kd]rs� nmd� o]hq� ne ELr� ]s� sgd� onhms��+0�
%h-d-�]s�sgd�onhms�%0)/(�ne�sgd�tmhs�bhqbkd(-�Sgdrd�bnqqdronmc�sn�
sgd� hmu]qh]mbd� ne� sgd� rxrsdl� tmcdq� shld� sq]mrk]shnm–]� ed],
stqd�qdronmrhakd� enq� sgd�bnmrdqu]shnm�ne� sgd� sns]k�dmdqfx-�Ax�
dwoknhshmf�hmenql]shnm�]ants�sghr�EL�o]hq)�nmd�b]m�dwsq]bs�]�
rs]ahkhsx�bqhsdqhnm�enq�aqd]sgdqr Z0/1[ sg]s�hr�qdlhmhrbdms�ne�sgd�
vdkk,jmnvm U]jghsnu’Jnknjnknu� bqhsdqhnm� enq� sgd� rs]ahkhsx�
ne� rnkhs]qx�v]udr-�Rodbh b]kkx)� sghr�bqhsdqhnm�drs]akhrgdr� sg]s�
]�bg]mfd�ne�sgd�lnmnsnmhbhsx�ne�sgd�dmdqfx,eqdptdmbx�btqud�

qdrtksr�hm�]�bg]mfd�ne�rs]ahkhsx�ne�sgd�bnqqdronmchmf�aqd]sgdq�
rnktshnm-� Sgd� ]anud� mnshnm� ne� rs]ahkhsx� hr� s]ms]lntms� %enq�
rs]sdr�rtbg�]r�sq]udkhmf�v]udr(�sn�sg]s�ne khmd]q�rs]ahkhsx ]qntmc�
rs]shnm]qx�nq� sq]udkhmf�rsqtbstqdr-�Sgd�odqrhrsdmbd�ne�aqd]sg,
dqr� tmcdq� etkkx� mnmkhmd]q� dunktshnm� hm� fq]mtk]q� bg]hmr� %]mc�
hm� fdmdq]k� mnmkhmd]q� k]sshbdr(� hr� rshkk� hmbnlokdsd-� Sgdqdenqd)�
]s�oqdrdms)�sgd�]anud�rodbsq]k,rs]ahkhsx�oqdchbshnmr�mddc�sn�ad
u]khc]sdc�sgqntfg�chqdbs�mtldqhb]k�rhltk]shnmr-

Hm� sgd� oqdrdmbd� ne� c]lohmf� %rdd� rdbshnm  6-4()� sgd� ohb,
stqd�hr�cheedqdms)�adb]trd�sgdm�]�fq]mtk]q�bg]hm�hr�mn�knmfdq�
G]lhksnmh]m-�Sgd�bnmshmtntr�o]qs�ne�sgd�rodbsqtl�mnv�sxoh,
b]kkx�khdr�vhsghm�sgd�tmhs�bhqbkd)�rn�lnrs�dhfdmchqdbshnmr�ne�
odqstqa]shnm�cdb]x�nudq�shld-�He�]kk�ELr�khd�vhsghm�sgd�tmhs�
bhqbkd)�sgd�rnktshnm�hr�mns�ldqdkx�rs]akd)�ats�hs�]krn�]ssq]bsr�
md]qax�cxm]lhbr-�M]stq]kkx)�hm�sghr�b]rd)�enq�]�CA�sn�dwhrs�
hm� sgd� qrs� ok]bd)� sgdqd� mddcr� sn� ad� rnld� enql� ne� enqbhmf
%nq� dmdqfx� otlohmf(-� Rnld� ne� sgd� dw]lokdr� sg]s� vd� vhkk�
fhud� hm� rdbshnm 6-4�]qd� hm�c]lodc)�cqhudm�fq]mtk]q� bg]hmr-�
@m� hmsdqdrshmf�]udmtd� enq� etstqd�vnqj� hr� sn� rddj�rnktshnmr�
hm�sgd�enql�ne�chrrho]shud�CAr)�vghbg�g]ud�addm�rstchdc�hm
rxrsdlr�rtbg�]r q]chn,eqdptdmbx�rtodqbnmctbshmf�pt]mstl�
hmsdqedqdmbd�cduhbd�]qq]xr�Z004[-

6-1-� Hnmdwhrsdmbd�qdrtksr

Hm� sgd� ]ardmbd� ne� oqdbnloqdrrhnm� %h-d-� vgdm� δ < /m/) ()� sgd�
ld]m� hmsdq]bshnm� enqbd� ne� ]� sdlonq]kkx,odqhnchb� rnktshnm� t�

ltrs�u]mhrg9� � � ( � ((∫ + <′ +U t s t s sc /
S

m m/ 0 -�Sghr�nardqu]shnm)�

]mc�sgd�e]bs�sg]s� � ( ˆ+ ++U t t /m m0 )�hlokhdr�sg]s�sgd�nmkx�sdl,
onq]kkx,odqhnchb� rnktshnmr� ]qd� sgd� sqhuh]k� dpthkhaqh]� %rdd� Z82)
sgdnqdl� 0[(-� Bnmrdptdmskx)� enq� ]� gnlnfdmdntr� bg]hm)� oqd,
bnloqdrrhnm�hr�bqtbh]k�enq sgd�dldqfdmbd�ne�CAr-�Sgd�khmd]q
a]mc rsqtbstqd�sg]s�qdrtksr�eqnl�oqdbnloqdrrhnm�]kknvr�]�m]st,
q]k�ok]bd�eqnl�vghbg�aqd]sgdqr�b]m�ahetqb]sd-� Hm�]�lnmnldq�
fq]mtk]q�bg]hm)�nmd�b]m�sqx�sn�bnmrsqtbs�]ooqnwhl]sd�aqd]sgdq�
v]udenqlr�trhmf�]�bnmshmttl�lncdkhmf�]ooqn]bg-�Vhsg� sgd�
]mr]sy

ω≈ + + +

< + <

x s X W S j m s

W m bs S s

) dwo h h b-b- g-n-s-)

) )

m / /

1

� ( � ( � (

� (

P

P P
� %22(

vgdqd�^b-b-‘� hr� sgd�bnlokdw�bnmitf]sd�]mc�^g-n-s-‘�rs]mcr�enq�
ghfgdq,nqcdq� sdqlr)� nmd� b]m� cdqhud� ]� mnmkhmd]q Rbgqóchmfdq�
dpt]shnm %MKR(�eqnl�dpt]shnm %5(02-�Sgd�MKR�sg]s�nmd�nas]hmr�
hr

∣ ∣ � ()±ν ν ω∂ < ∂ + < + =X X A X X jh ) 1 /)S W1
1 1

1 /� %23(

vgdqd� A� hr� ]� kdmfsgx� v]udmtladq,cdodmcdms� dwoqdrrhnm�
Z78)�062[-�Vd�cd md�sgd�mns]shnm� � (ω ω< j/ / )�vgdqd�j/�hr�sgd�
v]udmtladq�]mc� � (ω j/ �hr�sgd�]mftk]q�eqdptdmbx�fhudm�ax�sgd�
chrodqrhnm�qdk]shnm�%02(�du]kt]sdc�]s�sgd�v]udmtladq�j/-�Vd
]krn�hmsqnctbd�sgd�mns]shnm� � (ω< ′b j/ -�Sgd�]ooqnw�hl]shnm�%22(�

02�Mnsd�sg]s�sgd�MKR�]mr]sy�%22(�]rrtldr�rl]kk�]lokhstcdr)�rn�nmd�]bst]kkx�
cdqhudr�sgd�MKR�dpt]shnm eqnl�sgd�EOT�lncdk�vhsg�]�onkxmnlh]k�onsdmsh]k�
fhudm�ax�]�S]xknq�dwo]mrhnm�ne�sgd�Gdqsy�k]v�%0/(�Sghr�hr�rhlhk]q�sn�sgd�
cdqhu]shnm�ne�sgd�JcU�dpt]shnm hm�rdbshnm 4-3-

01�@qft]akx)�hs�l]x�ad�cdrhq]akd�sn�knnrdm�sgd�cd mhshnm�]mc�mns�cdl]mc�
rsqhbs�odqhnchbhsx-
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qdoqdrdmsr� ]� rs]mchmf� CA� he�b��<��/� %h-d-� vgdm� sgd� chrodqrhnm�
btqud�g]r�u]mhrghmf�rknod(-�Enq�]�fq]mtk]q�bg]hm)�sghr�nbbtqr�]s�
sgd�dcfd�ne�sgd�rodbsqtl�%h-d-�]s� π<j/ (-�@s�sgd�v]udmtladq�

π<j/ )�sgd�bnde bhdms�A�hr

< +A J J J2 3 -1 3 2
1 %24(

Enq� ]mx� u]ktd� ne� sgd� mnmkhmd]qhsx� dwonmdms� o��=��0)� nmd�
nas]hmr�A��<��/�enq�]�fq]mtk]q�bg]hm-�Sgd�]mr]sy�%22(�qdoqdrdmsr�
]�ro]sh]kkx,knb]khydc�etmbshnm�he�sgd�dmudknod�etmbshnm�X�hr�ro],
sh]kkx�knb]khydc-�Sgd�rnkhsnm�rnktshnm�ne�sgd�MKR�dpt]shnm %23(�
hr�]�ro]sh]kkx�knb]khydc�etmbshnm)�ats�sghr�rnktshnm�dwhrsr�nmkx�
enq�sgd�enbtrhmf�MKR�dpt]shnm %h-d-�vgdm�A��=��/(-�Sghr�rtffdrsr�
sgd�onrrhahkhsx�sg]s�aqd]sgdqr�%ne�rl]kk�]lokhstcd�]mc�nm�sno�ne�
]�u]mhrghmf�a]bjfqntmc(�l]x�mns�dwhrs�hm�]�lnmnldq�fq]mtk]q�
bg]hm-� %@r� vhsg� nsgdq� bngdqdms� rsqtbstqdr� ]mc� lnshu]sdc� ax�
noshb]k�rxrsdlr)�aqd]sgdqr�nm�sno�ne�]�u]mhrghmf�a]bjfqntmc�
]qd� rnldshldr� b]kkdc� ^aqhfgs‘� aqd]sgdqr-(�Nmd� b]m� qd]bg� sgd�
r]ld� bnmbktrhnm� ax qd]khyhmf� sg]s� khmd]q� ok]md,v]ud� rnkt,
shnmr� sg]s� dunkud� sgqntfg� sgd�mnmkhmd]q� dpt]shnmr ne�lnshnm�
b]m�bnkk]ord� sn�]� knb]khydc�aqd]sgdq�rs]sd� sgqntfg�]�lnctk],
shnm]k�hmrs]ahkhsx�%LH(�ne�]�gnlnfdmdntr�a]bjfqntmc-�Enq�sgd�
lnmnldq�J1’J2’J3�EOT�k]sshbd)�sgd�bnmchshnm�enq�LH�ne�ok]md�
v]udr� hr� + =J J J2 3 /1 3 2

1 � Z51)� rdbshnm 3-2[-�Sgd� dwoqdrrhnm�
nm�sgd�kdes,g]mc�rhcd�ne�sghr�hmdpt]khsx�hr�dw]bskx�sgd�mnmkhm,
d]qhsx�bnde bhdms�ne� sgd�MKR�dpt]shnm  %24(-�Adb]trd�A��<��/)�
aqd]sgdqr� b]mmns� enql� sgqntfg� ]m� LH-� Sghr� chrbtrrhnm� sgtr�
fhudr�]�gdtqhrshb�]qftldms�sg]s�aqhfgs�aqd]sgdqr�cn�mns�dwhrs-�
Sghr� qdrtks� g]r� addm� l]cd� l]sgdl]shb]kkx� qhfnqntr� trhmf�
bdmsdq,l]mhenkc�sgdnqx�Z8/[)�]�q]sgdq�cheedqdms ]ooqn]bg�eqnl�
sgd� hmudrshf]shnm ne�LHr-�Sghr�qdrtks� hlokhdr� sg]s� sn�nas]hm�]�
aqd]sgdq�hm�]�fq]mtk]q�bg]hm)�nmd�ltrs�lnchex�sgd�bnm ftq],
shnm�dhsgdq�ax�]ksdqhmf�sgd�bg]hm�%d-f-�vhsg�]�gdsdqnfdmdhsx�nq�
]m� nm,rhsd� onsdmsh]k(� nq� ax� rddjhmf� ]m� ]ksdqm]shud� v]udenql�
%d-f-�rddjhmf�]�c]qj�aqd]sgdq�q]sgdq�sg]m�]�aqhfgs�aqd]sgdq)�]r�
cdrbqhadc� hm� rdbshnm 6-5(-� Hm� sgd� enkknvhmf�rdbshnmr)�vd�vhkk�
dwoknqd�ansg�rbdm]qhnr-

6-2-� :qdTsgdqr�hm�bgThmr�vhsg�hlotqhshdr

Ax�hmsqnctbhmf�]m�hlotqhsx�%nq�^cdedbs‘(�hmsn�]�oqdbnloqdrrdc�
%]mc�gdmbd�khmd]qhy]akd(�lnmnldq�fq]mtk]q�bg]hm)�nmd�b]m�bqd,
]sd�]�khmd]q�lncd�eqnl�vghbg�]�aqd]sgdq�b]m�ahetqb]sd-�Rtbg�
aqd]sgdqr� ]qd� rnldshldr� b]kkdc� ^hlotqhsx� lncdr‘-� Hs� hr� onr,
rhakd�sn�bnmrsqtbs�nmd�nq�lnqd�aqd]sgdq�aq]mbgdr�]r mnmkhmd]q�
bnmshmt]shnmr�ne�%khfgs,l]rr(�cdedbs�lncdr�ne�sgd�khmd]q�oqna,
kdl-�Nmd�b]m�bnlotsd�sgd�dhfdmeqdptdmbhdr�]mc�sgdhq�lncdr�
]r� cdrbqhadc� hm� rdbshnm 3-� He� sgd� cdedbs� l]rr� hr� khfgsdq� sg]m�
sgd�nsgdq�l]rrdr�hm�sgd�^gnrs‘�bg]hm)�sgd�bnqqdronmchmf�dhfdm,
eqdptdmbx�khdr�]anud�sgd�]bntrshb�a]mc)�rn�sgd�bnqqdronmchmf�
lncd� hr� ro]sh]kkx� knb]khydc� Z023[-� Nsgdqvhrd)� sgd� dhfdmeqd,
ptdmbx�khdr�vhsghm�sgd ]bntrshb�a]mc)�]mc�sgd�]rrnbh]sdc�lncd�
hr�ro]sh]kkx�dwsdmcdc-�Hm�Z080[)�hs�v]r�rgnvm�trhmf�]�fq]mtk]q�
bg]hm�vhsg�eqdd�antmc]qx�bnmchshnmr�]mc�]�rhmfkd�khfgs�cdedbs�
sg]s�aqd]sgdqr�b]m�ad�bnmshmtdc�hm�eqdptdmbx�eqnl�sgd�knb]k,
hydc�khmd]q�cdedbs�lncd�sn�sgd�dcfd�ne�sgd�]bntrshb�a]mc-�Sgd�
rnktshnmr�ed]stqd�]�oqn kd�sg]s�hr�]rxlldsqhb-�Sgd�b]rd�ne�svn�
hcdmshb]k� cdedbsr� hr� pt]khs]shudkx� rhlhk]q� sn� sgd� rhmfkd,cdedbs�
b]rd�he�sgd�cdedbsr�]qd�]ci]bdms-�Gnvdudq)�he�sgdqd�hr�]�o]qshbkd�

adsvddm�sgd�svn cdedbsr�hm�]�bg]hm)�sgdqd�dwhrsr�ansg�]�khmd]q�
cdedbs�lncd�vhsg�]�rxlldsqhb�oqn kd�]mc�]�khmd]q�cdedbs�lncd
vhsg�]m�]mshrxlldsqhb�oqn kd-�Sgd�aq]mbg�bnqqdronmchmf� sn�
sgd� bnmshmt]shnm� ne� sgd� ]mshrxlldsqhb� lncd� tmcdqfndr� ]
rxlldsqx,aqd]jhmf�ohsbgenqj�ahetqb]shnm�hm�vghbg�svn�]rxl,
ldsqhb� rnktshnmr�]qd�bqd]sdc-� He� sgd� svn�cdedbsr�]qd�cheedqdms�
%d-f-�hm�sgdhq�l]rrdr()�sgd�]mshrxlldsqhb�aq]mbg�tmcdqfndr�]m�
hlodqedbs�ohsbgenqj�ahetqb]shnm-

6-3-� :qdTsgdqr�hm�odqhnchbTkkx,TqqTmfdc�bgThmr

Nmd� nas]hmr� ]� odqhnchb� ]qq]mfdldms� hm� ]m� hm mhsd� fq]mtk]q�
bg]hm�ax�hmsqnctbhmf�]m�hm mhsd�mtladq�ne�cdedbsr�hm�] odqhnchb�
e]rghnm-�%Sgd�rhlokdrs�dw]lokd�hr�]�ch]snlhb�bg]hm-(�Gnvdudq)�
hm�bnmsq]rs�sn�]�bg]hm�vhsg�]� mhsd�mtladq�ne�hlotqhshdr)�sgd�
khmd]q�lncd�eqnl�vghbg�]�aqd]sgdq�ahetqb]sdr�hr�mns�ro]sh]kkx�
knb]khydc-�Hmrsd]c)�]�CA�enqlr�ronms]mdntrkx�]esdq�]�ro]sh]kkx�
dwsdmcdc�khmd]q�ok]md�v]ud�tmcdqfndr�]m�LH�%rdd� ftqd 7%b((-
Hm�sgd�bnmsdws�ne�fq]mtk]q�bg]hmr)�CAr�vdqd� qrs�rstchdc�sgdnq,
dshb]kkx�]mc�hkktrsq]sdc�dwodqhldms]kkx�hm�Z1/[�trhmf�oqdbnl,
oqdrrdc�ch]snlhb�bg]hmr�sg]s�bnmrhrsdc�ne�]ksdqm]shmf�rsddk�]mc�
]ktlhmtl rogdqdr-�@�bg]hm�v]r�cqhudm� ]s� sgd�antmc]qhdr� ]s
sgd� qrs�btsnee� eqdptdmbx�ne� sgd�noshb]k�a]mc)�]mc� sgd�bnqqd,
ronmchmf�lncd�dwodqhdmbdc�]m�LH-�Sghr�nbbtqqdc�adb]trd�sgd�
anssnl�ne�sgd�noshb]k�a]mc�ne�sgd�chrodqrhnm�qdk]shnm�r]shr dr�

� (±ω =j // � %rdd� ftqd 2%](()�vghbg�kd]cr�sgqntfg�]m�]rxlo,
snshb�qdctbshnm�sn�]m�deedbshudkx rdke,enbtrhmf�MKR�dpt]shnm03)
vghbg�hr�rtaidbs�sn�]m�LH-�@esdq�rnld�sq]mrhdms�cxm]lhbr)�]�
aqd]sgdq� %ronms]mdntrkx(� enqlr)� ]mc� hs� g]r� ]� eqdptdmbx� sg]s�
hr�knb]sdc�hm�sgd�rodbsq]k�f]o�sg]s�inhmr�sgd�]bntrshb�]mc�nosh,
b]k�a]mcr-�Nmd�b]m�nas]hm�]�lnqd�oqdbhrd�cdrbqhoshnm�ne�rtbg�
]� aqd]sgdq� sgqntfg� mtldqhb]k� bnlots]shnmr� ]mc� rtardptdms
o]q]ldsqhb�bnmshmt]shnm-�Rdudq]k�e]lhkhdr�ne�CA�rnktshnmr�hm�
ch]snlhb�fq]mtk]q bg]hmr�vdqd�rstchdc�hm�Z08/[-�Sgdrd�aqd]sg,
dqr�g]ud�cheedqdms�]lokhstcdr�]mc�]lntmsr�ne�knb]khy]shnm)�]mc�
sgdx�b]m�ad�dhsgdq�]rxlldsqhb�nq�rxlldsqhb-�Sgd�]rxlldsqhb�
aqd]sgdqr�]qd�bdmsdqdc�]s�]� khfgs�o]qshbkd)�]mc� sgd�rxlldsqhb�
nmdr�]qd�bdmsdqdc�]s�]�gd]ux�o]qshbkd-�He�sgd�CA�eqdptdmbx�hr�
rte bhdmskx�bknrd�sn�sgd�noshb]k�a]mc)�nmd�b]m�]ooqnwhl]sd�sgd
aqd]sgdq�cxm]lhbr�trhmf�sgd�MKR�dpt]shnm Z21)�77[�%hm�]�rhlh,
k]q�udhm�]r�vd�cdrbqhadc�hm�rdbshnm 6-0(-�Sgd�rdkdbshnm�ne�ansg
sgd�eqdptdmbx�]mc�sgd�knb]shnm�ne�sgd�qdrtkshmf�aqd]sgdq�vgdm�
hs�dldqfdr�]r�]�qdrtks�ne�hmrs]ahkhsx�hr�rshkk�]m�nodm�oqnakdl-

Sgdqd�g]ud� ]krn�addm� rstchdr�ne�aqd]sgdqr� hm� bg]hmr�vhsg�
k]qfdq� ro]sh]k� odqhncr-� Enq� dw]lokd)� odqhnc,2� %h-d-� ^sqhldq‘(�
bg]hmr� ]mc� odqhnc,3 bg]hmr� vdqd� dw]lhmdc� hm� Z75[-� Rtbg
rdptdmbdr�b]m�bnmrhrs�dhsgdq�ne�o]qshbkdr� sg]s ]qd�]kk�chrshmbs�
%rtbg�]r�]�sqhldq�vhsg�nmd rsddk)�nmd�]ktlhmtl)�]mc�nmd�aq]rr�
o]qshbkd(�nq�b]m�hmbktcd�ltkshokd�hmrs]mbdr�ne�]�fhudm�sxod�ne�
o]qshbkd�%rtbg�]r�]�sdsq]ldq�ne�nmd�rsddk�]mc�sgqdd�]ktlhmtl�
o]qshbkdr(-�Sgd�sqhldq�]mc�sdsq]ldq�bg]hmr�g]ud)�qdrodbshudkx)�
svn�]mc�sgqdd�rodbsq]k�f]or-�@�rtqoqhrhmf)�fdmdqhb�ed]stqd�ne�
sgd�aqd]sgdqr� hm� sgdrd�rxrsdlr�hr� sg]s� sgd�nmdr� sg]s�ahetqb]sd�
eqnl sgd�toodq�a]mcr�sdmc�sn�ad�lnqd�qnatrs�%hm�sdqlr�ne�rs],
ahkhsx(� sg]m� sgdhq� bntmsdqo]qsr� sg]s� ahetqb]sd� eqnl� sgd� knvdq�
a]mcr-�Sghr�]ood]qr�sn�ad�adb]trd�sgd�enqldq�]qd�]akd�sn�]unhc�

03�Qdb]kk�sg]s) ]s�sgd�dcfd�ne�sgd�rodbsqtl� π<j/ )�sgd�rnkd�aq]mbg�ne�sgd�
chrodqrhnm�qdk]shnm�hm�]�lnmnldq�bg]hm�r]shr dr� � (±ω <j // -
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qdrnm]mbdr�vhsg� %ghfgdq,eqdptdmbx(� khmd]q�lncdr)�ats�]�rxr,
sdl]shb�hmudrshf]shnm�ne�sgd�rs]ahkhsx�ne�sgd�u]qhntr�aqd]sgdqr�
qdl]hmr�]m�nodm�oqnakdl-

6-4-� :qdTsgdq�uTqhTmsr�hm�cTlodc �cqhudm�fqTmtkTq�bgThmr

Sn�nas]hm�]�lnqd qd]khrshb�cdrbqhoshnm�ne�aqd]sghmf�rnktshnmr�
eqnl� dwodqhldmsr� ne� fq]mtk]q� bg]hmr)� nmd� mddcr� sn� ]bbntms�
enq� sgdhq� dwsdqm]k� cqhud� ]mc� c]lohmf-� Odqg]or� sgd� rhlokdrs�
c]lodc)�cqhudm�lncdk�hmunkudr�qdok]bhmf�nmd�nq�ansg�antmc,
]qhdr�vhsg�]�g]qlnmhb�cqhud� � ( � (π<t s Y esrhm 1/ )�vgdqd� C∈Y e) )�
]mc�sn�]cc�]�%khmd]q(�c]rgons�sdql� � ) (τ+ l tzm m�sn�dpt]shnm %2()�
vgdqd�sgd�̂ hmudqrd�c]lohmf�rsqdmfsg‘�τ�%vghbg�hr�trt]kkx�cdsdq,
lhmdc�dlohqhb]kkx(�qdoqdrdmsr�]�shld�rb]kd�]rrnbh]sdc�vhsg�sgd�
c]lohmf-�Nmd�b]m�hmsdqoqds�sghr�enql�ne�chrrho]shnm�]r�eqhbshnm�
adsvddm�hmchuhct]k�fq]hmr�]mc�sgd�rtoonqshmf�qncr-�Sghr�lncdk�
enq� chrrho]shnm� g]r� addm� trdc� enq� fq]mtk]q� bg]hmr� hm� rdudq]k�
oqduhntr�vnqjr�Z08)�2/)�26[)�]ksgntfg�%]r�mnsdc�hm�rdbshnm 2(�
rdudq]k� rstchdr� %rdd)� d-f-� Z18)�65)�70)�088[(�g]ud�bnmrhcdqdc�
hmsdqm]k�eqhbshnm�b]trdc�ax�bnms]bs�hmsdq]bshnm�adsvddm�fq]hmr-

Tmkhjd� hm� sgd�]rrnbh]sdc�G]lhksnmh]m�lncdk)� sdlonq]kkx,
odqhnchb� rnktshnmr� ne� ]� c]lodc)� cqhudm� fq]mtk]q� bg]hm� b]m�
]ssq]bs� nsgdq� sxodr� ne� cxm]lhbr)� rn� nmd� b]m� nas]hm� sgdl� ax�
cqhuhmf�]m� hmhsh]kkx�]s,qdrs�bg]hm�enq�]�rte bhdmskx� knmf� shld-�
Sgdrd� ]qd� sgd� lnrs� rsq]hfgsenqv]qc� aqd]sgdq,khjd� rnktshnmr�
sn� cdsdbs� dwodqhldms]kkx-� Enq� sgdnqdshb]k� bnmrhcdq]shnmr� ]mc�
sn�nas]hm�]�lnqd�bnlokdsd�uhdv�ne�sgd�rnktshnm�ro]bd�ne�sgd�
rxrsdl)�nmd�b]m�]krn�nas]hm�tmrs]akd�v]udenqlr�uh]�Mdvsnm�
hsdq]shnmr�%rdd�rdbshnm 6-6(-�Nmd�b]m�rstcx�sgd�qdrtkshmf�rnkt,
shnmr�]r�nmd�u]qhdr�sgd�cqhuhmf�]lokhstcd�o]q]ldsdq�Y�nq�rnld�
nsgdq�o]q]ldsdq-�Sgqntfg�mtldqhb]k�rhltk]shnmr�]mc�dwodqh,
ldmsr)� hs� g]r� addm� rgnvm� hm� ]� bg]hm� vhsg� ]m� hlotqhsx� Z08[�
]mc�odqhnchb�]qq]mfdldmsr�%d-f-�cqhudm�ch]snlhb�]mc�sqh]snlhb�
bg]hmr�Z2/)�76[(�sg]s�sgd�hmsdqok]x�ne�mnmkhmd]q�rtqe]bd�lncdr�
vhsg�lncdr�b]trdc�ax�sgd�cqhudq�bqd]sd�sgd�onrrhahkhsx)�]r�sgd�
cqhuhmf� ]lokhstcd� hr� hmbqd]rdc)� ne� gxrsdqdshb� cxm]lhbr� ]mc�
r]cckd’mncd� ahetqb]shnmr� ne� khlhs� bxbkdr)� adxnmc� vghbg� sgd�
cxm]lhbr� ne� sgd� rxrsdl� adbnldr� pt]rhodqhnchb� nq� bg]nshb�
%rdd� ftqd 8%]((-� Hm� khfgs� ne� sgdrd� ed]stqdr)� c]lodc)� cqhudm�
fq]mtk]q� bg]hmr� g]ud� addm� oqnonrdc� enq� ]bntrshb� rvhsbghmf�
]mc� qdbsh b]shnm� ]ookhb]shnmr� Z08[-� @m� hmsqhfthmf� ogdmnl,
dmnm�sg]s�hr�vnqsg�etqsgdq�hmudrshf]shnm�hr�sg]s�odqhnchb�nqahsr�
b]m�]qhrd� dudm�vgdm� sgd�cqhud� hr� ]ookhdc� sn� ]� bg]hm�vhsgnts�

oqdbnloqdrrhnm�%h-d-�hm�sgd�rnmhb,u]bttl�qdfhld(-�Rdd�Z053[�
enq� ]� mtldq�hb]k� rstcx� ne� sghr� nardqu]shnm� ]mc� Z104[� enq� ]m�
dwodqhldms]k�rstcx-�@ksgntfg�sgd�mnmdwhrsdmbd�qdrtks�sg]s�vd�
chrbtrrdc�hm�rdbshnm 6-1�dwbktcdr�sgd�onrrhahkhsx�ne�aqd]sgdqr�
hm�]�otqdkx�mnmkhmd]q�G]lhksnmh]m�fq]mtk]q�bg]hm)�sgd�vnqjr�
Z053)�104[�rtffdrs�sg]s�sgd�oqdrdmbd�ne�c]lohmf�]mc�cqhuhmf�
]kknv�sgd�onrrhahkhsx�ne�aqd]sgdqr� hm�rtbg�bg]hmr-�@�qhfnqntr�
oqnne�ne�rtbg�]�qdrtks�hr�]m�nodm�oqnakdl-

Enq� ]�  wdc)� rl]kk� cqhuhmf� ]lokhstcd� %hm� o]qshbtk]q)� enq�
∣ ∣� δY /()�nmd�b]m�odqenql�]�bnmshmt]shnm�hm�cqhuhmf�eqdptdmbx�
sn� nas]hm� ]� rhmfkd� aq]mbg sg]s� g]r� od]jr� bnqqdronmchmf� sn�
sgd� khmd]q� qdrnm]mbdr-� Hm� fdmdq]k)� ]r� sgd� cqhuhmf� ]lokhstcd�
hmbqd]rdr)�sgd�od]jr�hm�sgd�ahetqb]shnm�ch]fq]l�admc�Z2/)�26)
021[�%rdd� ftqd 8%a((�hm�]�v]x�sg]s�hr�qdlhmhrbdms�ne�sgd�enkcn,
udq� dudms�ne�cqhudm�nrbhkk]snqr� Z033[-�Rdd� Z1/5[� enq� ]� qdbdms�
rstcx�sg]s�dwsdmcr�sghr�hcd]�sn�fq]mtk]q�bg]hmr-�Rtbg�mnmkhmd]q�
admchmf�b]m�ad�trdetk�enq�]ookhb]shnmr�rtbg�]r�dmdqfx�g]qudrs,
hmf�Z25[-

6-5-� :qdTsgdq�uTqhTmsr�hm�gnlnfdmdntr�bgThm�bnm ftqTshnmr

@r�vd�ghfgkhfgsdc� hm� rdbshnm 6-1)� sgd�MKR�dpt]shnm  %23(� hm�
]� gnlnfdmdntr� fq]mtk]q� bg]hm� cndr� mns� g]ud� aqhfgs,rnkhsnm�
rnktshnmr�nm�sno�ne�]�u]mhrghmf�a]bjfqntmc)�adb]trd�sgd�mnm,
khmd]q�bnde bhdms�hr�mdf]shud�%h-d-�A��<��/(-�Hm�sghr�b]rd)�sgd�MKR�
dpt]shnm hr�rdke,cdenbtrhmf�Z0/2[)�]mc�hs�sgtr�onrrdrrdr�c]qj,
rnkhsnm�rnktshnmr
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vghbg� g]ud� rl]kkdq� ]lokhstcd� sg]m� sgd� a]bjfqntmc-�
Bnmrdptdmskx)� sgd� ]ooqnwhl]shnm� ne� dpt]shnm  %22(� vhsg� sgd�
dmudknod�etmbshnm�X�bgnrdm�sn�ad�]�c]qj�rnkhsnm�qdoqdrdmsr�]
aqd]sghmf� rnktshnm� %vhsg� π<j/ (� nm� sno� ne� ]� mnmydqn� a]bj,
fqntmc�%h-d-�hs�hr�]�^c]qj�aqd]sgdq‘(9
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%26(

vgdqd� Pω ω κ< +a /
1� hr� sgd� eqdptdmbx� ne� sgd� aqd]sgdq� %rdd�

� ftqd 8%b((-�Sghr�]ooqnwhl]shnm)�]knmf�vhsg�mtldqhb]k�bnl,
ots]shnmr)�v]r�trdc�sn�rstcx�rtbg�rs]sdr�hm�]�lnmnldq�fq]mtk]q�

Ehftqd�8-� %](�Bnmshmt]shnm�hm�cqhuhmf�]lokhstcd�ne�]�c]lodc)�cqhudm�fq]mtk]q�bg]hm�vhsg�]m�hlotqhsx�md]q�sgd�cqhud�rntqbd-�@c]osdc�ax�
odqlhrrhnm�eqnl�L]blhkk]m�Otakhrgdqr�Ksc9�ZM]stqd�L]sdqh]kr[�Z08[)�Bnoxqhfgs�%1/0/(-�%a(�Bnmshmt]shnm�hm�cqhuhmf�eqdptdmbx�hm�]�c]lodc)�
cqhudm�lnmnldq�bg]hm-�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z26[)�Bnoxqhfgs�%1/03(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-�%b(�C]qj�aqd]sgdq�
hm�]�lnmnldq�fq]mtk]q�bqxrs]k-�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z24[)�Bnoxqhfgs�%1/02(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-
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bg]hm�hm�Z24[�enq�eqdptdmbhdr�sg]s�khd�vhsghm�sgd�]bntrshb�a]mc-�
Enq�eqdptdmbhdr�bknrd�sn�sgd�btsnee�eqdptdmbx�ω/)�sgd�rnktshnmr�
]qd�vdkk,]ooqnwhl]sdc�ax�sgd�]rrnbh]sdc�MKR�cdrbqhoshnm)�]mc�
k]qfd,]lokhstcd�rnktshnmr�ahetqb]sd�eqnl�sgd�rl]kk,]lokhstcd�
rnktshnmr�cdrbqhadc�ax� sgd�MKR�dpt]shnm-�Sgd� dwodqhldms]k�
qd]khy]shnm�%]mc�ahrs]ahkhsx�hm�]�c]lodc)�cqhudm�bg]hm(�ne�c]qj�
aqd]sgdqr� v]r� rstchdc� hm� Z26[-� @m� hmsdqdrshmf� axoqnctbs� ne�
sgd�hmudrshf]shnmr�ne�ahrs]ahkhsx�v]r�sgd�mtldq�hb]k�]mc�dwodq,
hldms]k�hcdmsh b]shnm�ne�aq]mbgdr�ne�rnktshnmr�vhsg�2)�4)�6)�dsb�
c]qj�aqd]sgdqr-

Knb]khydc� aqd]sghmf� rs]sdr� b]m� ]krn� ]qhrd� hm� ]� fq]mtk]q�
bg]hm�vhsgnts�oqdbnloqdrrhnm�he�sgdqd�hr�]m�]cchshnm]k�nm,rhsd�
onsdmsh]k-�Rtbg�]�lncdk�b]m�cdrbqhad�rxrsdlr�rtbg�]r�]m�]qq]x�
ne� b]msh�kdudq� ad]lr� cdbnq]sdc� ax� rogdqdr� nq)� hm� oqhmbhokd)�
]� Mdvsnm‘r� bq]ckd� tmcdq� sgd� hm©tdmbd� ne� fq]uhsx� Z81[-� Sgd�
aqd]sgdqr�ahetqb]sd�eqnl�sgd�knmd�khmd]q�lncd�hmsqnctbdc�ax�
sgd�khmd]q�onsdmsh]k)�]mc�sgdx�sdmc�sn�ad�lnqd�knb]khydc�sg]m�
sgd�aqd]sgdqr�sg]s�nbbtq�hm�fq]mtk]q�bg]hmr�vhsg�cdedbsr�nq�odqh,
nchb�rsqtbstqdr�sg]s�vd�cdrbqhadc�hm�oqduhntr�rdbshnmr-�Hm�sghr�
rdsshmf)�sgd�aqd]sgdqr�%]mc�sq]udkhmf�fdmdq]khy]shnmr�ne�sgdl(�
]qd� vdkk,cdrbqhadc� ax� sgd� rn,b]kkdc� ^chrbqdsd� o,Rbgqóchmfdq�
dpt]shnm‘�%CoR(�Z80)�81)�82[)�vghbg�nmd�b]m�cdqhud�sgqntfg�]�
ltkshokd,rb]kd�]m]kxrhr�rhlhk]q�sn�nmdr�sg]s�vd�g]ud�cdrbqhadc�
sgqntfgnts�sghr�qduhdv-�Sghr�ltkshokd,rb]kd�]m]kxrhr�g]r�addm�
itrsh dc�qhfnqntrkx�%sgqntfg�rths]akd�dqqnq�antmcr(�hm�sghr�rds,
shmf�Z80[-

Aqd]sghmf�rs]sdr�g]ud�]krn�addm�dwoknqdc�hm�knb]kkx�qdrnm]ms�
gnlnfdmdntr�fq]mtk]q�bg]hmr�%rdd�dpt]shnm %17(�]mc� ftqd 5(�
Z018)�02/[-�Hm�sgd�oqdrdmbd�ne�oqdbnloqdrrhnm)�Z02/[�dw]lhmdc�
%h(�sq]udkhmf�aqhfgs�aqd]sgdqr�]mc�%hh(�rs]shnm]qx�]mc�sq]udkhmf�
c]qj�aqd]sgdqr-�@r�vhsg�]�lnmnldq�fq]mtk]q�bg]hm)�nmd�b]m�
trd�]�ltkshokd,rb]kd�dwo]mrhnm�sn�cdqhud�]m�MKR�dpt]shnm–
vghbg� hr�dhsgdq�ne� sgd�cdenbtrhmf�nq�ne� sgd� enbtrhmf�u]qhdsx)�
cdodmchmf�nm sgd�o]qshbtk]q�knb]shnm�hm�sgd�]bntrshb�nq�noshb]k�
a]mc–]mc�sgdqdax�bnmrsqtbs�aqd]sgdqr-�Odqg]or�lnqd�rtqoqhr,
hmfkx)� hm� fq]mtk]q� bg]hmr� vhsgnts� oqdbnloqdrrhnm)� odqhnchb�
sq]udkhmf�v]udr�]mc�c]qj�aqd]sgdqr�b]m�dwhrs�Z018[)�cdrohsd�sgd�
]ardmbd�ne�]�khmd]q�rodbsqtl�eqnl�vghbg�sgdrd�rnktshnmr�b]m�
ahetqb]sd-� Hm� sghr� b]rd)� sgd� qdkdu]ms� ]ooqnwhl]sd� lncdk� hr� ]�
u]qh]ms�ne�sgd�CoR�dpt]shnm–rodbh b]kkx)�hs�hr�]�lncdk�qdkx,
hmf�nm�]udq]fhmf�nudq�sgd�aqd]sgdq�odqhnc)�ats�vghbg�mnv�g]r�
]�bnmrhcdq]akx�lnqd�bnlokhb]sdc�enql�sg]m�sgd�nqhfhm]k�CoR�
lncdk–q]sgdq�sg]m�]m�MKR�dpt]shnm-

6-6-� HtldqhbTk�bnlotsTshnm�ne�aqdTsgdqr�Tmc�sgdhq�rodbsqTk�
rsTahkhsx

Vd�mnv�oqnuhcd�]�aqhde�rtll]qx�ne�gnv�sn�bnlotsd�aqd]sg,
dqr�hm�fq]mtk]q�bqxrs]kr�%]r�vdkk�]r�lnqd�fdmdq]kkx(�]mc�gnv�
sn�]rrdrr�sgdhq�rs]ahkhsx�trhmf�ELr-�Sgd�oqhl]qx�snnk�trdc�enq�
sgd�mtldqhb]k�bnmrsqtbshnm�ne�aqd]sgdqr�hr�Mdvsnm� wdc,onhms�
hsdq]shnmr�Z51)�rdbshnm 2[-�Vd�adfhm�ax�vqhshmf�dpt]shnm %2(�]r�
]�rxrsdl�ne� qrs�nqcdq�NCDr9

� (< sv 9 q uz ) ) )� %27(

vhsg� � (<v q u) S)�vgdqd� � (< …t tq ) ) M
S

0 �]mc� <u qz )� qdrodb,
shudkx)�qdoqdrdms�sgd�M,chldmrhnm]k�onrhshnm�]mc�udknbhsx�udb,
snqr-�Nmd�sgdm�bnmrsqtbsr�]�Onhmb]qá�l]o9� � ( � (� ( � (J < + Sv v v a

/ / )
vgdqd� � (v / �hr�sgd�hmhsh]k�bnmchshnm�]mc� � (Sv a �hr�sgd�qdrtks�ne�hmsd,
fq]shmf�dpt]shnm %27(�enqv]qc�hm�shld�tmshk�s��<��Sa�trhmf�rs]m,
c]qc�NCD�hmsdfq]snqr�Z66[-�@�odqhnchb�rnktshnm�vhsg�odqhnc�Sa

%h-d-�r]shrexhmf�sgd�oqnodqsx� � ( � (< Sv v/ a (�hr�sgdm�]�qnns�ne�sgd�
l]o�J-�Sn�nas]hm�sghr�qnns)�nmd�]ookhdr�Mdvsnm‘r�ldsgnc�sn�
sgd�l]o�J�hm�sgd�enkknvhmf�mtldqhb]k,hsdq]shnm�rsdo9

< ++ +v v v )j j j
v

/) 0 /) 0 /)
j/)/ [ � (� ( � ( � (

� (� J� %28(

vgdqd� j� hr� sgd� hmcdw� ne� sgd� Mdvsnm� hsdq]shnm� ]mc� w/� hr� sgd�
cdrhqdc�qnns�ne�J-�Sgd�I]bnah]m�ne�sgd�l]o�J�hr� � (� < + U SF a )
vgdqd�F�hr�sgd� ×M M1 1 �hcdmshsx�l]sqhw:�U�hr�sgd�rnktshnm�sn�sgd�
u]qh]shnm]k�oqnakdl

� (<U CE Uz )� %3/(

vhsg�hmhsh]k c]s]� � ( <U F/ :�]mc�CE�hr�sgd�I]bnah]m�ne�sgd�dpt],
shnmr ne�lnshnm�%27(�du]kt]sdc�]s�sgd�onhms� � (v j/) -�Nmd�hmhsh]sdr�
sgd�hsdq]shnm�rsdo�%28(�vhsg�]�rths]akd�ftdrr�%fhudm)�d-f-�ax�]�
khmd]q�lncd�nq�]� rnktshnm� sn�]�bnmshmttl�mnmkhmd]q�]ooqnw,
hl]shnm(� ]mc� ]ookhdr� hs� tmshk� nmd� r]shr dr� ]� trdq,oqdrbqhadc�
snkdq]mbd�bqhsdqhnm-�Nmd�sgdqdax�nas]hmr�]�sdlonq]kkx,odqhnchb�
rnktshnm� tonm� rtbbdrretk� bnmudqfdmbd� %]mc� vhsg� ghfg� ]bb,
tq]bx(-� Adb]trd� nmd� ltrs� bnlotsd� sgd� lnmncqnlx� l]sqhw�
U%Sa(� sn� ]ookx� Mdvsnm� hsdq]shnmr)� nmd� hlldch]sdkx� nas]hmr
rodbsq]k,rs]ahkhsx� hmenql]shnm� ax� bnlotshmf� dhfdmu]ktdr� nq
ELr�ne�U%Sa(-

Enq� ]� G]lhksnmh]m� fq]mtk]q� bg]hm� %h-d-� dpt]shnm  %2(� vhsg�
mn� c]lohmf� nq� cqhuhmf()� sgd� lnmncqnlx� l]sqhw� U%Sa(� g]r�
dhfdmu]ktdr�]s��+0�%rdd� sgd�chrbtrrhnm� hm�rdbshnm 6-0()�rn� sgd�
I]bnah]m� � (� < + U SF a � hr� mns� hmudqshakd-� Sn� nudqbnld� sghr�

Ehftqd�0.-� %](�@�fq]mtk]q�bqxrs]k�vhsg�gdw]fnm]k�o]bjhmf-�%a(�Bnmudmshnm�enq�sgd�hmcdw�nqhdms]shnm-�Sgd�l,]whr�qdoqdrdmsr�sgd�gnqhynms]k�
chqdbshnm)�sgd�m,]whr�qdoqdrdmsr�sgd�udqshb]k�chqdbshnm)�]mc�sgd�l,]whr�]mc�m,]whr�ldds�]s�]m�]mfkd�ne� )θ π< 2-�%b(�@�rpt]qd�fq]mtk]q�k]sshbd�
vhsg�bxkhmcqhb]k�hmsqtcdqr-�%](�]mc�%b(�Trdc�vhsg�odqlhrrhnm�eqnl�@mcqd]�Kdnm]qc-�%a(�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z22[)�
Bnoxqhfgs�%1/05(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-�

I-�Ogwr-9�:nlcdlr-�LXssdp��2�$1�02(�302//1



RnohbXi�Pduhdv

07

hrrtd)�nmd�ltrs�aqd]j�sgd�cdfdmdq]sd�m]stqd�ne�� �ax�hmsqnctb,
hmf�]cchshnm]k� bnmrsq]hmsr)� rtbg�]r� ]�u]mhrghmf� shld�]udq]fd�

%h-d-� � (∫ <x s sc /
S

/ 0 (�nq�]�ohmmhmf�bnmchshnm�%d-f-�x0%s(��<��/(-�Hm�

oq]bshbd)�hs�b]m�]krn�ad�deedbshud�sn�s]jd�]�ordtcnhmudqrd�ne�� -�
Rdd�Z01[�]mc�Z51[�enq�mtldqntr�oq]bshb]k�ldsgncr�enq�bnlots,
hmf�sgd�qdkdu]ms�odqhnchb�nqahsr-

7-�Rvn,chldmrhnmTk�fqTmtkTq�bqxrsTkr

7-.-� OTbihmf�fdnldsqhdr�Tmc�sqTmrhdms�cxmTlhbr

Vd�mnv�chrbtrr�1C�fq]mtk]q�bqxrs]kr)�vghbg�g]ud�addm�hmudr,
shf]sdc� ltbg� kdrr� sg]m� sgd� 0C� bnm ftq]shnmr� sg]s� vd� g]ud�
chrbtrrdc� sgtr� e]q-� Hm� svn� ro]sh]k� chldmrhnmr)� nmd� b]m� rhst,
]sd�sgd�mncdr�%h-d-�o]qshbkdr(�hm�]�mdsvnqj�hm�]�k]qfd�u]qhdsx�ne�
v]xr)�rtbg�]r�gdw]fnm]k�%rdd� ftqdr 0/%](�]mc�%a((�nq�rpt]qd�
k]sshbdr-�Hm�]�rpt]qd�k]sshbd)�nmd�b]m�fdmdq]sd�]�pt]rh,0C�sq]u,
dkhmf� rnkhs]qx� v]ud� ax� dwbhshmf� sgd� k]sshbd� ]knmf� nmd� ne� sgd�
ro]sh]k�chldmrhnmr-�Sghr�hr�]�sqhuh]k�dwsdmrhnm�ne�rdbshnm 4)�]r�
sgd�v]udr�mdudq�^rohkk‘�hmsn�]ci]bdms�chqdbshnmr-�Sgd�rhst]shnm�
enq�dwbhs]shnmr�hm�nsgdq�chqdbshnmr�hr�e]q�kdrr�rsq]hfgsenqv]qc-�
Gnvdudq)�eqnl�]m�dwodqhldms]k�onhms�ne�uhdv)�sgd�rpt]qd�k]s,
shbd�hr�mns�qnatrs�rsqtbstq]kkx)�adb]trd�sgd�o]qshbkdr�b]m�atbjkd�
qd]chkx)� fhudm� sgd� k]bj�ne� bnms]bs�vhsg� ]ci]bdms� o]qshbkdr� nm�
sgd� ch]fnm]kr-� Nmd� b]m� nudqbnld� sghr� hrrtd� ax� hmsqnctbhmf�
^hmsqtcdq‘�o]qshbkdr�hmsn�sgd�u]b]ms�ro]bdr�adsvddm�o]qshbkdr�hm�
]�gnrs�bqxrs]k�Z076)�077[�%rdd� ftqd 0/%b((-�Sghr�hr�]m�dwodq,
hldms]kkx�qdkdu]ms�ldbg]mhrl�enq�]bghduhmf�dhsgdq�otkrd�qdch,
qdbshnm� Z077[� nq� %enq� hmsqtcdqr� mns� qdrsqhbsdc sn� ]� knb]k� ]qd]�
hm� sgd� bqxrs]k(� mnmkhmd]q� otkrd� dptho]qshshnm)� ]� rtaidbs� ne�
hmsdmrd sgdnqdshb]k�hmudrshf]shnm�hm�fq]mtk]q�bqxrs]kr�Z076[-�Hm�
sgd�dwodqhldms�ne�Z071[)�svn�qnvr�ne�fq]mtk]q�o]qshbkdr�vdqd�
hmsdqbnmmdbsdc� uh]� ]� bg]hm� ne� rtbg� hmsdqrshsh]k� o]qshbkdr-� Ax�
dwbhshmf�nmd�ne�sgd�qnvr�%sgd�^hlo]bsdc‘�nmd()�nmd�b]m�nas]hm�
]m�dpt]k�qdchrsqhatshnm�uh]�sgd�hmsqtcdqr�adsvddm�sg]s�qnv�]mc�
sgd�]ci]bdms�%nq�^]arnqahmf‘(�qnv-

Vhsgnts� ]cchshnm]k� rntqbdr� sn� ]cc� dmdqfx� sn� ]� fq]mtk]q�
bqxrs]k)� nmd� vntkc� mns� dwodbs� ]� fdmthmd� sq]udkhmf� rnkhs]qx�
v]ud sn�dwhrs�hm�dhsgdq�]�rpt]qd�nq�gdw]fnm]k�k]sshbd�adb]trd�
sgd�dmdqfx� hlo]qsdc� sn�]�o]qshbkd�tonm� hlo]bs� hr�chrsqhatsdc�
sn�]m�dwo]mchmf�]qq]x�ne�mdhfganqr�]r� sgd�otkrd� hr� sq]mrlhs,
sdc-�Sghr�oqnbdrr�bnmshmtdr)� kd]chmf�fq]ct]kkx�sn�]ssdmt]shnm�
ne� sgd� v]ud-� Bnmrdptdmskx)� l]mx� o]odqr� nm� fq]mtk]q� k]s,
shbdr�ne�svn�nq�lnqd�chldmrhnmr�]qd�bnmbdqmdc�vhsg�sq]mrhdms�

deedbsr� ]esdq� ]� fq]mtk]q� k]sshbd� %nq� lnqd� fdmdq]k� o]bjhmf(� hr�
rsqtbj�Z0)�02)�04)�30)�62)�007’010)�032)�04/)�040)�054[:�sghr�hr�
qdkdu]ms� enq� hlo]bs�lhshf]shnm�]ookhb]shnmr-�Pt]rhbnmshmttl�
]ooqn]bgdr�vdqd�dwoknqdc�hm�1C�k]sshbdr�vhsg�qns]shnm�hm�Z46[-�
@cchshnm]kkx)�rsqtbstqdc�fq]mtk]q�bnlonrhsdr)�vghbg�]qd�mds,
vnqjr�ne�0C�bg]hmr�]qq]mfdc�hm�2C�ro]bd)�dwghahs�dwonmdmsh]k�
rsqdrr�cdb]x�Z011[�]mc�b]m�]bs�]r�deedbshud�dmdqfx,chrodqrhnm�
ldbg]mhrlr� Z47[-� Eqnl� sgd� odqrodbshud� ne� ]ookhb]shnmr)� ne�
o]qshbtk]q�hmsdqdrs�hr�]�^rntmc�atkkds‘)�hm�vghbg�]�oqno]f]shmf�
v]ud�eqnms�hr�chqdbsdc�sn�rodbh b�knb]shnmr�hm�]�fq]mtk]q�bqxrs]k�
Z070[-� Nmd� b]m� ]krn� dmuhrhnm� rbdm]qhnr� hm� vghbg� a]mc� f]or�
]qhrd� hm� 1C� fq]mtk]q� bqxrs]kr� dhsgdq� adb]trd� ne� gdsdqnfdmdh,
shdr�%d-f-�hlotqhshdr�nq�odqhnchb�rsqtbstqdr(�nq�knb]k�qdrnm]snqr�
%d-f-� l]rr,hm,l]rr� rxrsdlr(-� Hm� rtbg� rbdm]qhnr)� hs� vntkc� ad�
udqx� hmsdqdrshmf� sn� dwoknqd� sgd� dwhrsdmbd)� rsqtbstqd)� ]mc� rs],
ahkhsx�oqnodqshdr�%]mc�lnqd�fdmdq]kkx)�sgd�sdlonq]k�dunktshnm(
ne� knb]khydc�rs]sdr� hm� sgd�enql�ne�CAr�nq� sgdhq�u]qh]msr�%d-f-�
hlotqhsx�lncdr)�]r�vd�chrbtrrdc�enq�0C�bnm ftq]shnmr�hm�rdb,
shnm 6-0(-�Hm  ftqd 00%]()�vd�rgnv�]m�dw]lokd�ne�]�1C�knb]k,
hydc�lncd�ne�]�1C�gdw]fnm]kkx�o]bjdc�fq]mtk]q�k]sshbd�vhsg�
]�rhmfkd�khfgs,l]rr�cdedbs�hm�sgd�bdmsdq�ne�sgd�bqxrs]k-�@mnsgdq�
nodm�oqnakdl�hr� sgd�rstcx�ne�ogdmnldm]�rtbg�]r� ^pt]rho]s,
sdqmr‘� ]mc� ^rtodqo]ssdqmr‘)� vghbg� g]ud� nesdm� addm� dw]l,
hmdc�enq�rdsshmfr�rtbg�]r�E]q]c]x�v]udr�hm�©thc�rxrsdlr�]mc�
fdmdqhb�]lokhstcd�dpt]shnmr %d-f-�bnlokdw�Fhmyatqf’K]mc]t�
dpt]shnmr vhsg�]ooqnoqh]sd�onsdmsh]kr(�Z060)�081[-

7-1-� GdwTfnmTk�fqTmtkTq�bqxrsTkr8�dptTshnmrzne�lnshnm ��
khmdTqhydc�cxmTlhbr �Tmc�bnmhbTk�cheeqTbshnm

Vd� mnv� bnmrhcdq� sgd� rodbh b� b]rd� ne� ]� gdw]fnm]k� fq]mtk]q
bqxrs]k-�Sgd�dpt]shnmr ne�lnshnm�]bbntms�enq�sgd�enqbd�]s�d]bg�
bnms]bs�onhms-�Sgdx�]qhrd�eqnl�dpt]shnm %0()�]mc�d]bg�chrok]bd,
ldms�fl m) �g]r�ansg�]�gnqhynms]k�bnlonmdms�tl)m�]mc�]�udqshb]k�
bnlonmdms�ul)m-�He�sgd�fq]mtk]q�bqxrs]k�hr�oqdbnloqdrrdc)�sgd�
dpt]shnmr  ]qd� khmd]qhy]akd-� Hm� ]� gdw]fnm]k� lnmnldq� k]sshbd)�
sgd�dpt]shnmr ne�lnshnm�]qd
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Ehftqd�00-� %](�@�aqd]sgdq�rnktshnm�ne�]�1C�gdw]fnm]k�fq]mtk]q�mdsvnqj�vhsg�]�rhmfkd�cdedbs-�Vd�rgnv�sgd�l]fmhstcd�ne�sgd�chrok]bdldms-�
%a(�Chrodqrhnm�rtqe]bd�bnqqdronmchmf�sn�dpt]shnm %30(-�Sgd�udbsnq�ne�v]udmtladqr�hr�� (!j) )�]mc�ω�hr�sgd�]mftk]q�eqdptdmbx-�%b(�Bnmhb]k�
cheeq]bshnm�hm�sgd�1C�gdw]fnm]k�fq]mtk]q,bqxrs]k�dpt]shnm %30(-�Rtbg�cheeq]bshnm�qdrtksr�eqnl�sgd�dwbhs]shnm�ne�khmd]q�lncdr�md]q�]�Chq]b�
onhms-�%a(�]mc�%b(�Qdoqhmsdc� ftqd�vhsg�odqlhrrhnm�eqnl�Z22[)�Bnoxqhfgs�%1/05(�ax�sgd�@ldqhb]m�Ogxrhb]k�Rnbhdsx-
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vghbg� s]jdr� hmsn� ]bbntms� sgd� rhw� bnms]bs� onhmsr� eqnl�
sgd� gdw]fnm]k� rxlldsqx-� Vd� rds� sgd� l]rr� sn� 0� enq�
mns]shnm]k� rhlokhbhsx-� Sgd� udbsnq,u]ktdc� etmbshnmr�

� ( � ( / � ( � ([< <t u E t u E t u9 f 9 ) ) ) )i i i t i u
S

) ) � %vhsg� ] {(∈i 0) 1) 2 �
g]ud� sgd� enql� fhudm� hm� dpt]shnm  %0(� ]mc� s]jd� hmsn� ]bbntms�
sgd� qdk]shud� onrhshnmr� ne� sgd� o]qshbkdr� hm� bnms]bs-� Enq� dw]l,
okd)�sgd�enqbd�]knmf�sgd�gnqhynms]k�]whr�sg]s�qdrtksr�eqnl�bnm,
s]bs� adsvddm� o]qshbkdr� ]s� onrhshnmr� {l)� m|� ]mc� {l)� m��+��0|�

hr� � ( / [ � (� � ( ()) δ θ< + + ++E t u : c r c t r) bnrt1)
2 1

/ )� vgdqd�

�� ( � ( ( �� ( � ( (δ θ δ θ< + + + + +r c t c ubnr rhm/
1

/
1)� sgd�

]mfkd�hr� )θ π< 2)� sgd�l]sdqh]k�o]q]ldsdq�hr�:)�]mc�c��<��1Q� hr�
sgd�o]qshbkd�ch]ldsdq-�Sgd�mnmkhmd]qhsx�rsqdmfsg�hr�bnmsqnkkdc�
ax�sgd�sdql�δ = // )�vghbg�qdoqdrdmsr�gnv�ltbg�sgd�fq]mtk]q�
o]bjhmf�hr�oqdbnloqdrrdc�%rdd� ftqd 0/%a((-�Tmkhjd�l]mx�1C�
rxrsdlr�%rtbg�]r�ognsnmhb�rxrsdlr�Z2)�3[()�nmd�b]m�bnlotsd�
sgd� chrodqrhnm� qdk]shnm� %rdd� ftqd 00%a((� dwokhbhskx� %trhmf� ]�
1C�chrbqdsd�Entqhdq�sq]mrenql(�hmrsd]c�ne�qdkxhmf�nm�mtldqhb]k�
bnlots]shnmr�Z22[-

Hm� ]� gdw]fnm]k� fq]mtk]q� k]sshbd)� sgd� chrodqrhnm� rtqe]bd�
g]r� rn,b]kkdc� ^Chq]b� onhmsr‘)� ]s� vghbg� tov]qc,onhmshmf� ]mc�
cnvmv]qc,onhmshmf� bnmdr� ldds� Z67)� 020[-�@� mns]akd� dw]l,
okd�ne�]mnsgdq�ogxrhb]k�rxrsdl�sg]s�onrrdrrdr�Chq]b�onhmsr�hr�
fq]ogdmd�%]�lnmnk]xdq�ne�fq]oghsd�sg]s�dwghahsr�bnmrhcdq]akd�
dkdbsqnm� lnahkhsx� Z041)� 042[(-� Nmd� b]m� sgtr� bnmrhcdq� ]� gdw,
]fnm]kkx� o]bjdc� fq]mtk]q� bqxrs]k� sn� ad� ]� ^ognmnmhb‘� ]m]knf�
ne�fq]ogdmd:�rdd�]krn� Z00)�082)�083[-�Enq�v]udmtladqr�md]q�
]�Chq]b�onhms)�nmd�b]m�cdqhud�rn,b]kkdc�^Chq]b�dpt]shnmr‘�]r�]�
bnmshmttl�lncdk�trhmf�sgd�ldsgncr�cdrbqhadc�hm�sghr�qduhdv�
Z22[-�Sgd� rhfmh b]mbd� ne� sghr� cdqhu]shnm� hr� sg]s� ^bnmhb]k� che,
eq]bshnm‘�%vgdqd�sgd�cxm]lhbr�g]ud�sgd�enql�ne�]m�dwo]mchmf�
qhmf)�]r�hkktrsq]sdc�hm� ftqd 00%b((�hr�onrrhakd�hm�]�Chq]b�rxr,
sdl�Z4[-�Mtldqhb]k�rhltk]shnmr�ne�dpt]shnm  %30(�u]khc]sd� sgd�
oqdrdmbd�ne�bnmhb]k�cheeq]bshnm�hm�]�gdw]fnm]k�fq]mtk]q�bqxrs]k�
vgdm� sgdqd� ]qd� rl]kk,]lokhstcd� dwbhs]shnmr-�Rstchdr�ne� bnmh,
b]k� cheeq]bshnm� %nq� qdeq]bshnm(�c]sd�a]bj�md]qkx� svn�bdmstqhdr��
Z67)� 020[)� ]mc� bnmhb]k� cheeq]bshnm� g]r� ]krn� addm� rstchdc� ]s�
kdmfsg� %ansg� sgdnqdshb]kkx� ]mc� dwodqhldms]kkx(� hm� ognsnmhb�
fq]ogdmd� Z2)� 046[-� Sgd� oqdrdmbd� ne� mnmkhmd]qhsx� b]m� ok]x� ]�
bqtbh]k�qnkd�hm�bnmhb]k,cheeq]bshnm�cxm]lhbr)�]mc�onsdmsh]kkx�hs�
b]m�dudm�kd]c�sn�]�aqd]jcnvm�ne�bnmhb]k�v]ud�oqno]f]shnm�hm�
gnmdxbnla�k]sshbdr�Z4)�03[-�Sgd�oqdkhlhm]qx�mtldqhb]k�rhltk],
shnmr�ne�Z22[�hkktrsq]sd�sg]s�bnmhb]k�cheeq]bshnm�b]m�aqd]j�cnvm�
enq�rhfmh b]mskx�mnmkhmd]q�qdronmrdr-�Sgd�rstcx�ne�sgd�deedbsr�
ne�mnmkhmd]qhsx�nm�bnmhb]k�cheeq]bshnm�sgqntfg)�enq�dw]lokd)�sgd�
cdqhu]shnm�ne�]�mnmkhmd]q�Chq]b�rxrsdl)�hr�]m�nodm�oqnakdl-

8-� Bnmbktrhnmr�Tmc�ntsknni

Fq]mtk]q� bqxrs]kr� ]qd� ]m� dwbhshmf� ldbg]mhb]k� lds]l]sdqh]k)�
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rogdqdr�I-�:bntrs-�Rnb- :l-�00, 60/

� Z4/[� Cnmdx Q�]mc�Rdm R�1//5�Cdbnq]sdc)�s]odqdc)�]mc�ghfgkx�
mnmkhmd]q�fq]mtk]q�bg]hm�Ogxr-�Qdu-�Kdss-�86 0444/1

� Z40[� Cnmdx Q K)�@fth I G�]mc�Rdm R�1//8�Dmdqfx�o]qshshnmhmf�
]mc�hlotkrd�chrodqrhnm�hm�sgd�cdbnq]sdc)�s]odqdc)�rsqnmfkx�
mnmkhmd]q�fq]mtk]q�]khfmldms9�]�rxrsdl�vhsg�l]mx�
onsdmsh]k�]ookhb]shnmr�I-�:ook-�Ogxr-�0,5 /538/4

� Z41[� Cq]yhm O F�]mc�Ingmrnm Q R�0878�Rnkhsnmr9�Ym�Hmsqnctbshnm�
%B]laqhcfd9�B]laqhcfd�Tmhudqrhsx�Oqdrr(�%gssor9..cnh-
nqf.0/-0//1.pi-38600538003(

� Z42[� Ct]mlt L)�Vghs]jdq M)�Jduqdjhchr O F)�U]hmbgsdhm @�
]mc�Qtahm I�1/05�Sq]udkhmf�v]ud�rnktshnmr�hm�]�bg]hm�ne�
odqhnchb]kkx�enqbdc�bntokd�mnmkhmd]q�nrbhkk]snqr�OgxrhbY�C�
214 14

� Z43[� Ctl]r D�]mc�Odkhmnurjx C D�1/03�Itrsh b]shnm�ne�sgd�
knf,JcU�dpt]shnm hm�fq]mtk]q�bg]hmr9�sgd�b]rd�ne�
oqdbnloqdrrhnm�RH:L�I-�LYsg-�:mYk-�35 3/64

� Z44[� Dmfkhrg I L�]mc�Odfn Q K�1//4�Nm�sgd�rnkhs]qx�v]ud�otkrd�hm�
]�bg]hm�ne�ad]cr�Oqnb-�:LR�022 0652

� Z45[� Dmfkhrg K P)�R]sn L�]mc�Rhdudqr @ I�1//2�Lnctk]shnm]k�
hmrs]ahkhsx�ne�mnmkhmd]q�rohm�v]udr�hm�d]rx,]whr�
]mshedqqnl]fmdshb�bg]hmr-�HH-�Hm©tdmbd�ne�r]lokd�rg]od�nm�
hmsqhmrhb�knb]khydc�lncdr�]mc�cxm]lhb�rohm�cdedbsr��
Ogxr-�Qdu-�A�56 /133/2

� Z46[� Dqneddu U H)�J]yg]du U U�]mc�O]uknu H R�1/02�MnmkhmdYq�
KnbYkhydc�RsqYhm�VYudr�hm�Y�1C�Ldchtl�vhsg�
Lhbqnrsqtbstqd�%Adqkhm9�Roqhmfdq(�o�80

Z47[ E]kkr V I ]mc Rdm R 1/03 Rnkhs]qx v]ud oqno]f]shnm
sgqntfg�svn,chldmrhnm]k�sqddkhjd�rsqtbstqdr�Ogxr-�Qdu-�D�
78 /121/8

� Z48[� E]udq S D�]mc�Vqhfgs I C�1/04�Dw]bs�ch]snlhb�Edqlh’O]rs]’
Tk]l’Srhmfnt�rnkhs]qx�v]udr�vhsg�noshb]k�a]mc�qhookdr�]s�
hm mhsx�%]qWhu90400-//831(

� Z5/[� Edqlh D)�O]rs] I�]mc�Tk]l R�0844�Rstchdr�ne�mnmkhmd]q�
oqnakdlr-�H�SdbgmhbYk�Qdonqs)�Knr�@k]lnr�M]shnm]k�
K]anq]snqx)�Knr�@k]lnr)�ML)�TR@�K@’083/

� Z50[� Ek]bg R�1/04�Mnmkhmd]q�k]sshbd�v]udr�hm�q]mcnl�onsdmsh]kr�
MnmkhmdYq�NoshbYk�Ymc�:snlhb�Rxrsdlr�%Kdbstqd�Mnsdr�hm�
LYsgdlYshbr�unk�1035(�%Adqkhm9�Roqhmfdq(�o�0

� Z51[� Ek]bg R�]mc�Fnqa]bg @�1//7�Chrbqdsd�aqd]sgdqr9�]cu]mbdr�hm�
sgdnqx�]mc�]ookhb]shnmr�Ogxr-�Qdo-�356 0

� Z52[� Ek]bg R�]mc�Fnqa]bg @ U�1//4�Chrbqdsd�aqd]sgdqr�hm�
Edqlh’O]rs]’Tk]l�k]sshbdr�BgYnr�04 /04001

� Z53[� Eq]sdqm]kh E)�Onqsdq L @�]mc�C]q]hn B�1/0/�Noshl]k�cdrhfm�
ne�bnlonrhsd�fq]mtk]q�oqnsdbsnqr�Ldbg-�:cu-�LYs-�Rsqtbs-�
06 0

� Z54[� Eqhdrdbjd F�]mc�Odfn Q K�0888�Rnkhs]qx�v]udr�nm�
Edqlh’O]rs]’Tk]l�k]sshbdr9�HH-�Pt]khs]shud�oqnodqhsdr)�
qdmnql]khy]shnm�]mc�bnmshmttl�khlhs�MnmkhmdYqhsx�01 05/0

� Z55[� Eqhdrdbjd F�]mc�Odfn Q K�1//1�Rnkhs]qx�v]udr�nm�Edqlh’
O]rs]’Tk]l�k]sshbdr9�H-�Khmd]q�hlokhdr�mnmkhmd]q�rs]ahkhsx�
MnmkhmdYqhsx�04 0232

� Z56[� Eqhdrdbjd F�]mc�Odfn Q K�1//3�Rnkhs]qx�v]udr�nm�Edqlh’
O]rs]’Tk]l�k]sshbdr9�HHH-�Gnvk]mc,sxod�©nptds�sgdnqx�
MnmkhmdYqhsx�06 1/6

� Z57[� Eqhdrdbjd F�]mc�Odfn Q K�1//3�Rnkhs]qx�v]udr�nm�Edqlh’
O]rs]’Tk]l�k]sshbdr9�HU-�Oqnne�ne�rs]ahkhsx�]s�knv�dmdqfx�
MnmkhmdYqhsx�06 118

� Z58[� Eqhdrdbjd F�]mc�V]sshr I @ C�0883�Dwhrsdmbd�sgdnqdl�enq�
rnkhs]qx�v]udr�nm�k]sshbdr�Bnlltm-�LYsg-�Ogxr-�050 280

� Z6/[� F]hrnm I)�Lnrjnv R)�Vqhfgs I C�]mc�Yg]mf P�1/03�
@ooqnwhl]shnm�ne�onkx]snlhb�EOT�k]sshbdr�ax�JcU�
dpt]shnmr�LtkshrbYkd�Lncdk-�Rhltk-�01 842

� Z60[� F]kk]unssh F�1//7�Sgd�Edqlh’OYrsY’TkYl�Oqnakdl9�Y�RsYstr�
Qdonqs�%Adqkhm9�Roqhmfdq(

� Z61[� F]msyntmhr F)�Rdqq],F]qbh] L)�Gnll] J)�Ldmcny] I L�
]mc�C]q]hn B�1/02�Fq]mtk]q�lds]l]sdqh]kr�enq�uhaq]shnm�
lhshf]shnm�I-�:ook-�Ogxr-�003 /82403

� Z62[� Fhkkdr A�]mc�Bnrsd B�1//2�Knv,eqdptdmbx�adg]uhnq�
ne ad]cr�bnmrsq]hmdc�nm�]�k]sshbd�Ogxr-�Qdu-�Kdss-�
8, 0632/1

� Z63[� Fk]l A)�Hfq] N)�Aqhs]m @�]mc�Adm,Cnq F�1//6�Cxm]lhbr�ne�
rsqdrr�v]ud�oqno]f]shnm�hm�]�bg]hm�ne�ognsndk]rshb�chrbr�
hlo]bsdc�ax�]�ok]m]q�rgnbj�v]ud:�o]qs�H)�dwodqhldms]k�
hmudrshf]shnm�Rgnbj�VYudr�06 0

� Z64[� Fñldy,F]qcdídr I)�E]kn E�]mc�Eknqé] K L�1//3�Lnahkd�
knb]khy]shnm�hm�mnmkhmd]q�Rbgqóchmfdq�k]sshbdr�Ogxr-�Kdss-�@
221 102

� Z65[� Fnmy]kdy L)�X]mf I)�C]q]hn B�]mc�Nqshy L�1/01�Ldrnrbnohb�
]ooqn]bg�sn fq]mtk]q�bqxrs]k�cxm]lhbr�Ogxr-�Qdu-�D�
74 /055/3

� Z66[� G]hqdq D)�M©qrdss R�]mc�V]mmdq F�0882�Rnkuhmf�NqchmYqx�
CheedqdmshYk�DptYshnmr H�%Adqkhm9�Roqhmfdq(�%gssor9..cnh-
nqf.0/-0//6.867,2,43/,67751,0(

� Z67[� G]lhksnm V Q�0726�Sghqc�rtookdldms�sn�]m�drr]x�nm�sgd�
sgdnqx�ne�rxrsdlr�ne�q]xr�SqYmr-�Q-�Hqhrg�:bYc-�06 0

� Z68[� G]qank] T)�Qnr]r @)�Dronrhsn L�]mc�Khmcdmadqf J�1//8�
Otkrd�oqno]f]shnm�hm�s]odqdc fq]mtk]q�bg]hmr9�]m�]m]kxshb�
rstcx�Ogxr-�Qdu-�D�7,�/202/2

� Z7/[� G]qank] T)�Qnr]r @)�Qnldqn @ G)�Dronrhsn L�]mc�
Khmcdmadqf J�1//8 Otkrd�oqno]f]shnm�hm�cdbnq]sdc�
fq]mtk]q�bg]hmr9�@m�]m]kxshb]k�]ooqn]bg-�Ogxr-�Qdu-�D�
7, /402/1

� Z70[� Gdqankc D A�]mc�Mdrsdqdmjn U E�1//6�Rgnbj�v]ud�rsqtbstqd�
hm�]�rsqnmfkx�mnmkhmd]q�k]sshbd�vhsg�uhrbntr�chrrho]shnm��
Ogxr-�Qdu-�D�64 /102/3

� Z71[� Gdqql]mm L�]mc�Q]cdl]bgdq I C L�1/0/�Qhdl]mm�rnkudqr�
]mc�tmcdqbnloqdrrhud�rgnbjr�ne�bnmudw�EOT�bg]hmr�
MnmkhmdYqhsx�12 166

� Z72[� Gdqsy G�0770�Øadq�chd�Adqögqtmf�edrsdq�dk]rshrbgdq�Jóqodq��
I-�Qdhmd�:mfdv-�LYsg-�81 045

� Z73[� Gnbgrsq]rrdq C)�Ldqsdmr E�]mc�Aössmdq G�0878�@m�hsdq]shud�
ldsgnc�enq�sgd�b]kbtk]shnm�ne�m]qqnv�rnkhs]qx�dwbhs]shnmr�
nm�]snlhb�bg]hmr�OgxrhbY�C�24 148

� Z74[� Gnmf I�1//4�Tmhudqr]k�onvdq,k]v�cdb]x�ne�sgd�hlotkrd�
dmdqfx�hm�fq]mtk]q�oqnsdbsnqr�Ogxr-�Qdu-�Kdss-�83 0/7//0

� Z75[� Gnnfdannl B�]mc�Jduqdjhchr O�1/01�Aqd]sgdqr�hm�odqhnchb�
fq]mtk]q�bg]hmr�vhsg�ltkshokd�a]mc�f]or�Ogxr-�Qdu-�D�
75 /502/4

� Z76[� Gnnfdannl B)�L]m X)�Andbgkdq M)�Sgdnbg]qhr F)�
Jduqdjhchr O F)�Jduqdjhchr H F�]mc�C]q]hn B�1/04�
Gxrsdqdrhr�knnor�]mc�ltksh,rs]ahkhsx9�eqnl�odqhnchb�nqahsr�
sn�bg]nshb cxm]lhbr�%]mc�a]bj(�hm�ch]snlhb�fq]mtk]q�
bqxrs]kr�Dtqnogxr-�Kdss-�0,0 33//2

� Z77[� Gt]mf F�]mc�Gt A�0887�@rxlldsqhb�f]o�rnkhsnm�lncdr�hm�
ch]snlhb�k]sshbdr�vhsg�btahb�]mc�pt]qshb�mnmkhmd]qhsx��
Ogxr-�Qdu-�A�46 4635

� Z78[� Gt]mf F)�Rgh Y O�]mc�Wt Y�0882�@rxlldsqhb�hmsqhmrhb�
knb]khydc�lncdr�hm�]�gnlnfdmdntr�k]sshbd�vhsg�btahb�]mc�
pt]qshb�]mg]qlnmhbhsx�Ogxr-�Qdu-�A�36 03450

� Z8/[� I]ldr F�1//2�Bdmsqd�l]mhenkc�qdctbshnm�enq�pt]rhkhmd]q�
chrbqdsd�rxrsdlr�I-�Mnmkhm-�Rbh-�02 16

� Z80[� I]ldr F�1/00�Mnmkhmd]q�v]udr�hm�Mdvsnm‘r�bq]ckd�]mc�sgd�
chrbqdsd�o,Rbgqóchmfdq�dpt]shnm�LYsg-�Lncdkr�Ldsg-�:ook-�
Rbh-�10 1224

� Z81[� I]ldr F)�Jduqdjhchr O F�]mc�Btdu]r I�1/02�Aqd]sgdqr�hm�
nrbhkk]snq�bg]hmr�vhsg�Gdqsyh]m�hmsdq]bshnmr�OgxrhbY�C�
140 28

� Z82[� I]ldr F�]mc�Odkhmnurjx C�1/03�F]trrh]m�rnkhs]qx�v]udr�]mc�
bnlo]bsnmr�hm�Edqlh’O]rs]’Tk]l�k]sshbdr�vhsg�Gdqsyh]m�
onsdmsh]kr�Oqnb-�Q-�Rnb-�@�36,�1/02/351

� Z83[� I]ldr F�]mc�Rs]qnrudsrjx X�1/03�Aqd]sgdq�rnktshnmr�ne�sgd�
chrbqdsd�o,Rbgqóchmfdq�dpt]shnm�KnbYkhydc�DwbhsYshnmr�
hm�MnmkhmdYq�Bnlokdw�Rxrsdlr�%MnmkhmdYq�Rxrsdlr�Ymc�
Bnlokdwhsx�unk�6(�%Adqkhm9�Roqhmfdq(�o�66

� Z84[� I]x]oq]j]rg J Q)�Rs]qnrudsrjx X�]mc�U]j]jhr @ E�1/00�Mdv�
e]lhkx�ne�rnkhs]qx�v]udr�hm�fq]mtk]q�chldq�bg]hmr�vhsg�mn�
oqdbnloqdrrhnm�Ogxr-�Qdu-�D�72 /255/5
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Z85[� I]x]oq]j]rg J Q)�Rs]qnrudsrjx X)�U]j]jhr @ E�]mc�
Fdmcdkl]m N U�1/02�Mnmkhmd]q�qdrnm]mbdr�kd]chmf�
sn�rsqnmf�otkrd�]ssdmt]shnm�hm�fq]mtk]q�chldq�bg]hmr�
I- MnmkhmdYq�Rbh-�12 252

� Z86[� Ina R�]mc�Ldkn E�1//4�Gnv�Gdqsyh]m�rnkhs]qx�v]udr�hmsdq]bs�
vhsg�antmc]qhdr�hm�]�0C�fq]mtk]q�ldchtl�Ogxr-�Qdu-�Kdss-�
83 067//1

� Z87[� Ina R)�R]msha]mdy E)�S]oh] E�]mc�Ldkn E�1//7�Mnmkhmd]q�
v]udr�hm�cqx�]mc�vds�Gdqsyh]m�fq]mtk]q�bg]hmr�TksqYrnmhbr�
37 4/5

� Z88[� Ina R)�R]msha]mdy E)�S]oh] E�]mc�Ldkn E�1//8�V]ud�
knb]khy]shnm�hm�rsqnmfkx�mnmkhmd]q�Gdqsyh]m�bg]hmr�vhsg�
l]rr�cdedbs�Ogxr-�Qdu-�D�7, /145/1

�Z0//[� Ingmrnm J K�0874�BnmsYbs�LdbgYmhbr�%B]laqhcfd9�
B]laqhcfd�Tmhudqrhsx�Oqdrr(

�Z0/0[� Inmdr B J Q S�]mc�L]q]mfdkk Q�1/01�Sgd�rodbsqtl�ne�
sq]udkkhmf�v]ud�rnktshnmr�sn�sgd�Rhmd,Fnqcnm�dpt]shnm�
Chrbqdsd�Bnmshmtntr�Cxm-�Rxr-�R�4 814

�Z0/1[� Jduqdjhchr O F)�Btdu]r,L]q]udq I�]mc�Odkhmnurjx C D�
1/05�Dmdqfx�bqhsdqhnm�enq�sgd�rodbsq]k�rs]ahkhsx�ne�chrbqdsd�
aqd]sgdqr�Ogxr-�Qdu-�Kdss-�006 /830/0

�Z0/2[� Jduqdjhchr O F)�Eq]msydrj]jhr C I�]mc�B]qqdsdqn,FnmyÜkdy Q�
1/04�Sgd�Cdenbtrhmf�MnmkhmdYq�Rbgqéchmfdq�DptYshnm�
%Oghk]cdkogh])�O@9�RH@L(

�Z0/3[� Jduqdjhchr O F)�Jduqdjhchr H F)�Ahrgno @ Q�]mc�Shsh D R�
1//1�Bnmshmttl�]ooqn]bg�sn�chrbqdsdmdrr�Ogxr-�Qdu-�D�
54 /35502

�Z0/4[� Jduqdjhchr O F)�Rsde]mnu @ F�]mc�Wt G�1/05�Sq]udkhmf�
v]udr�enq�sgd�l]rr�hm�l]rr�lncdk�ne�fq]mtk]q�bg]hmr�Kdss-�
LYsg- Ogxr- 0,5 0/56

�Z0/5[� Jduqdjhchr O F)�U]hmbgsdhm @)�Rdqq],F]qbh] L�]mc�C]q]hn B�
1/02�Hmsdq]bshnm�ne�sq]udkhmf�v]udr�vhsg�l]rr,vhsg,l]rr�
cdedbsr�vhsghm�]�Gdqsyh]m�bg]hm�Ogxr-�Qdu-�D�76 /31800

�Z0/6[� Jg]sqh C)�C]q]hn B�]mc�Qhyyn O�1//7�Ghfgkx�mnmkhmd]q�
v]udr�rdmrnq�sdbgmnknfx�enq�ghfgv]x�hmeq]rsqtbstqdr�hm)�
mnmcdrsqtbshud�bg]q]bsdqhy]shnm�enq�bnlonrhsd�l]sdqh]kr)�
]dqnro]bd�dmfhmddqhmf)�bhuhk�hmeq]rsqtbstqd)�]mc�gnldk]mc�
rdbtqhsx�Oqnb-�ROHD�5823 5823/T

�Z0/7[� Jg]sqh C)�Mfn C�]mc�C]q]hn B�1/01�Ghfgkx�mnmkhmd]q�
rnkhs]qx�v]udr�hm�bg]hmr�ne�bxkhmcqhb]k�o]qshbkdr�FqYmtkYq�
LYssdq�03 52

�Z0/8[� Jhl D)�Bg]tmr]kh Q)�Wt G)�B]rshkkn I)�X]mf I)�Jduqdjhchr O F�
]mc�U]j]jhr @ E�1/04�Mnmkhmd]q�knv,sn,ghfg�eqdptdmbx�
dmdqfx�b]rb]cdr�hm�ch]snlhb�fq]mtk]q�bqxrs]kr�Ogxr-�Qdu-�D�
81 /511/0

�Z00/[� Jhl D)�Kh E)�Bgnmf B)�Sgdnbg]qhr F)�X]mf I�]mc�
Jduqdjhchr O F�1/04�Ghfgkx�mnmkhmd]q�v]ud�oqno]f]shnm�
hm�dk]rshb�vnncohkd�odqhnchb�rsqtbstqdr�Ogxr-�Qdu-�Kdss-�
003 007//1

�Z000[� Jhl D)�L]qsémdy @)�Ogdmhrdd R)�Jduqdjhchr O F)�Onqsdq L @�
]mc�X]mf I�1/05�Chqdbs�ld]rtqdldms�ne�rtodqcheetrhud�
dmdqfx�sq]mronqs�]mc�dmdqfx�knb]khy]shnm�hm�chrnqcdqdc�
fq]mtk]q�bg]hmr�hm�oqdo]q]shnm�%]qWhu906/4-/7/32(

�Z001[� Jhl D�]mc�X]mf I�1/03�V]ud�oqno]f]shnm�hm�rhmfkd�bnktlm�
vnncohkd�ognmnmhb�bqxrs]kr9�enql]shnm�ne�stm]akd�a]mc�
f]or�I-�Ldbg-�Ogxr-�Rnkhcr�60 22

�Z002[� Jhssdk B�1//4�Hmsqnctbshnm�sn�Rnkhc�RsYsd�Ogxrhbr�%Mdv�Xnqj9�
Vhkdx(

�Z003[� K]osxdu] S U)�Hu]mbgdmjn L U�]mc�Ek]bg R�1/04�Mnmkhmd]q�
k]sshbd�v]udr�hm�gdsdqnfdmdntr�ldch]�I-�Ogxr-�:9�LYsg-�
Sgdnq-�36 382//0

�Z004[� K]y]qhcdr M)�Srhqnmhr F O�]mc�Dkdesgdqhnt L�1//7�
Chrrho]shud�chrbqdsd�aqd]sgdqr�hm�qe�RPTHC�lds]l]sdqh]kr�
MnmkhmdYq�Ogdm-�Bokw-�Rxrs-�00 14/

�Z005[� K]y]qhch @ M�]mc�Mdrsdqdmjn U E�0874�Nardqu]shnm�ne�]�
mdv�sxod�ne�rnkhs]qx�v]udr�hm�nmd,chldmrhnm]k�fq]mtk]q�
ldchtl�I-�:ook-�Ldbg-�Sdbg-�Ogxr-�15 3/4

�Z006[� Kdcdqdq E)�Rsdfdl]m F H)�Bgqhrsncntkhcdr C M)�@rr]msn F)�
Rdfdu L�]mc�Rhkadqadqf X�1//7�Chrbqdsd�rnkhsnmr�hm�noshbr�
Ogxr-�Qdo-�352 0

�Z007[� Kdnm]qc @)�Bgnmf B)�Jduqdjhchr O F�]mc�C]q]hn B�1/03�
Sq]udkhmf�v]udr�hm�1C�gdw]fnm]k�fq]mtk]q�bqxrs]k�k]sshbdr�
FqYmtkYq�LYssdq�05 420

�Z008[� Kdnm]qc @�]mc�C]q]hn B�1/01�Rsqdrr�v]ud�]mhrnsqnox�hm�
bdmsdqdc�rpt]qd�ghfgkx�mnmkhmd]q�fq]mtk]q�rxrsdlr�Ogxr-�
Qdu-�Kdss-�0,7 1032/0

�Z01/[� Kdnm]qc @)�C]q]hn B)�@v]rsgh @�]mc�Fdtadkkd O�1/01�
Deedbsr�ne�vd]j�chrnqcdq�nm�rsqdrr�v]ud�]mhrnsqnox�hm�
bdmsdqdc�rpt]qd�mnmkhmd]q�fq]mtk]q�bqxrs]kr�Ogxr-�Qdu-�D�
75 /202/4

�Z010[� Kdnm]qc @)�Eq]sdqm]kh E�]mc�C]q]hn B�1/02�Chqdbshnm]k�
v]ud�oqno]f]shnm�hm�]�ghfgkx�mnmkhmd]q�rpt]qd�o]bjhmf�ne�
rogdqdr�Dwo-�Ldbg-�46 216

�Z011[� Kdnm]qc @)�Onmrnm K�]mc�C]q]hn B�1/04�Dwonmdmsh]k�rsqdrr�
lhshf]shnm�hm�rsqtbstqdc�fq]mtk]q�bnlonrhsdr�Dwsqdld�
Ldbg-�Kdss-�0 12

�Z012[� KdUdptd Q I�0881�MtldqhbYk�Ldsgncr�enq�
BnmrdquYshnm�KYvr�%A]rdk9�Ahqjg]trdq(�%gssor9..cnh-
nqf.0/-0//6.867,2,/237,7518,0(

�Z013[� Kh E)�@mydk O)�X]mf I)�Jduqdjhchr O F�]mc�C]q]hn B�1/03�
Fq]mtk]q�]bntrshb�rvhsbgdr�]mc�knfhb�dkdldmsr�MYs-�
Bnlltm-�4 4200

�Z014[� Kh E)�Yg]n K)�Sh]m Y)�Xt K�]mc�X]mf I�1/02�Uhrt]khy]shnm�
ne�rnkhs]qx�v]udr�uh]�k]rdq�cnookdq�uhaqnldsqx�enq�gd]ux�
hlotqhsx�hcdmsh b]shnm�hm�]�fq]mtk]q�bg]hm�RlYqs�LYsdq-�
Rsqtbs-�11 /24/05

�Z015[� Khm V�]mc�C]q]hn B�1/05�V]ud�oqno]f]shnm�hm�nmd,
chldmrhnm]k�lhbqnrbnohb�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�D�
83 /418/6

�Z016[� Khmcdmadqf J)�G]qank] T)�Qnldqn @ G�]mc�Qnr]r @�
1/00�Otkrd�oqno]f]shnm�hm�fq]mtk]q�bg]hmr�Hms-�Bnme-�nm�
:ookhbYshnmr�hm�MnmkhmdYq�CxmYlhbr–HB:MC�1.0.�%:HO�
Bnme-�Oqnb-�unk�0228(�%@ldqhb]m�Hmrshstsd�ne�Ogxrhbr(�o�86

�Z017[� Kht @�]mc�M]fdk R Q�1/0/�Sgd�i]llhmf�sq]mrhshnm�]mc�sgd�
l]qfhm]kkx�i]lldc�rnkhc�:mmt-�Qdu-�Bnmcdmr-�LYssdq�
Ogxr-�0 236

�Z018[� Kht K)�I]ldr F)�Jduqdjhchr O�]mc�U]hmbgsdhm @�1/05�
Rsqnmfkx�mnmkhmd]q�v]udr�hm�knb]kkx�qdrnm]ms�fq]mtk]q�
bg]hmr�MnmkhmdYqhsx�18 2385

�Z02/[� Kht K)�I]ldr F)�Jduqdjhchr O F�]mc�U]hmbgsdhm @�1/05�
Aqd]sgdqr�hm�]�knb]kkx�qdrnm]ms�fq]mtk]q�bg]hm�vhsg�
oqdbnloqdrrhnm�OgxrhbY�C�220�16

�Z020[� Kknxc G�0726�Nm�sgd�ogdmnldm]�oqdrdmsdc�ax�khfgs�hm�hsr�
o]rr]fd�]knmf�sgd�]wdr�ne�ah]wh]k�bqxrs]kr�SqYmr-�Q-�Hqhrg�
:bYc-�06 034

�Z021[� Kxcnm I)�Sgdnbg]qhr F�]mc�C]q]hn B�1/04�Mnmkhmd]q�
qdrnm]mbdr�]mc�dmdqfx�sq]mredq�hm� mhsd�fq]mtk]q�bg]hmr�
Ogxr-�Qdu-�D�80 /121/7

�Z022[� L]bJ]x Q R�0888�Rnkhs]qx�v]udr�hm�]�bg]hm�ne�ad]cr�tmcdq�
Gdqsy�bnms]bs�Ogxr-�Kdss-�@�140 080

�Z023[� L]jv]m] L�]mc�Bq]rsdq Q U�1/02�Knb]khrdc�onhms cdedbs�
rs]sdr�hm�]rxlosnshb�lncdkr�ne�chrbqdsd�k]sshbdr�P-�I-�Ldbg-�
:ook-�LYsg-�55 178

�Z024[� L]m X)�Andbgkdq M)�Sgdnbg]qhr F)�Jduqdjhchr O F�]mc�
C]q]hn B�1/01�Cdedbs�lncdr�hm�nmd,chldmrhnm]k�fq]mtk]q�
bqxrs]kr�Ogxr-�Qdu-�D�74 /265/0

�Z025[� L]qsémdy @ I)�Jduqdjhchr O F�]mc�Onqsdq L @�1/05�
Rtodqcheetrhud�sq]mronqs�]mc�dmdqfx�knb]khy]shnm�hm�
chrnqcdqdc�fq]mtk]q�bqxrs]kr�Ogxr-�Qdu-�D�82 /118/1

�Z026[� L]qsémdy @ I)�X]rtc] G)�Jhl D)�Jduqdjhchr O F)�Onqsdq L @�
]mc�X]mf I�1/05�Rb]ssdqhmf�ne�v]udr�ax�hlotqhshdr�hm�
oqdbnloqdrrdc�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�D�82 /41113

�Z027[� LbCnm]kc A D�]mc�B]kun C�1/01�Rhlokd�v]udr�hm�Gdqsyh]m�
bg]hmr�Ogxr-�Qdu-�D�74 /555/1

�Z028[� Ldqjdk @)�Sntqm]s U�]mc�Ftrdu U�1/00�Dwodqhldms]k�
duhcdmbd�ne�qns]shnm]k�dk]rshb�v]udr�hm�fq]mtk]q�ognmnmhb�
bqxrs]kr�Ogxr-�Qdu-�Kdss-�0,6 1144/1

�Z03/[�Lnkhm]qh @�]mc�C]q]hn B�1//8�Rs]shnm]qx�rgnbjr hm�
odqhnchb�ghfgkx�mnmkhmd]q�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�D�
7, /455/1
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Z030[� Lnqrbg N�]mc�Nadqsg]kdq L�1//5�Cxm]lhbr�ne�Anrd’Dhmrsdhm�
bnmcdmr]sdr�hm�noshb]k�k]sshbdr�Qdu-�Lnc-�Ogxr-�67 068

Z031[� Ltdffdmatqf M V)�I]dfdq G L�]mc�M]fdk R Q�1//1�Rsqdrr�
sq]mrlhrrhnm�sgqntfg�sgqdd,chldmrhnm]k�nqcdqdc�fq]mtk]q�
]qq]xr�Ogxr-�Qdu-�D�55 /202/3

Z032[� Ltkcdq N L @ V�]mc�Ktchmf R�1//5�Rntmc�v]ud�
]bbdkdq]shnm�hm�fq]mtk]q�l]sdqh]kr�I-�RsYs-�Ldbg-�O/6/12

Z033[� M]xedg @ G ]mc�Lnnj C S�1//3�MnmkhmdYq�
NrbhkkYshnmr�%Mdv�Xnqj9�Vhkdx(�%gssor9..cnh-
nqf.0/-0//1.8672416506475(

Z034[� Mdrsdqdmjn U E�0872�Oqno]f]shnm�ne�mnmkhmd]q�bnloqdrrhnm�
otkrdr�hm�fq]mtk]q�ldch]�I-�:ook-�Ldbg-�Sdbg-�Ogxr-�13 622

Z035[� Mdrsdqdmjn U E�1//0�CxmYlhbr�ne�Gdsdqnfdmdntr�
LYsdqhYkr�%Mdv�Xnqj9�Roqhmfdq(�%gssor9..cnh-
nqf.0/-0//6.867,0,3646,2413,5(

Z036[� Mdrsdqdmjn U E)�C]q]hn B)�Gdqankc D A�]mc�Ihm R�1//4�
@mnl]kntr�v]ud�qd©dbshnm�]s�sgd�hmsdqe]bd�ne�svn�rsqnmfkx�
mnmkhmd]q�fq]mtk]q�ldch]�Ogxr-�Qdu-�Kdss-�84 0476/1

Z037[� Mfn C)�Jg]sqh C�]mc�C]q]hn B�1/00�Ghfgkx�mnmkhmd]q�
rnkhs]qx�v]udr�hm�bg]hmr�ne�dkkhornhc]k�o]qshbkdr�Ogxr-�Qdu-�
D�73 /1550/

Z038[� Mftxdm M R�]mc�Aqnfkh]sn A�1/03�Ltkshokd�HloYbsr�hm�
ChrrhoYshud�FqYmtkYq�BgYhmr�%Mdv�Xnqj9�Roqhmfdq(

Z04/[� Mhrghc] L�]mc�S]m]j] X�1/0/�CDL�rhltk]shnmr�]mc�
dwodqhldmsr�enq�oqnidbshkd�hlo]bshmf�svn,chldmrhnm]k�
o]qshbkd�o]bjhmfr�hmbktchmf�chrrhlhk]q�l]sdqh]k�k]xdqr�
FqYmtkYq�LYssdq�01 246

Z040[� Mhrghc] L)�S]m]j] J ]mc�Hrghc] S�1//8�CDL�rhltk]shnm�
ne�v]ud�oqno]f]shnm�hm�svn,chldmrhnm]k�nqcdqdc�]qq]x�ne�
o]qshbkdr Rgnbj VYudr %Adqkhm9 Roqhmfdq( o 704

Z041[� Mnunrdknu J R)�Fdhl @ J)�Lnqnynu R U)�Ih]mf C)�
J]srmdkrnm L H)�Fqhfnqhdu] H U)�Ctanmnr R U�]mc�
Ehqrnu @ @�1//4�Svn,chldmrhnm]k�f]r�ne�l]rrkdrr�Chq]b�
edqlhnmr�hm�fq]ogdmd�MYstqd�327 086

Z042[� Mnunrdknu J R)�Fdhl @ J)�Lnqnynu R U)�Ih]mf C)�Yg]mf X)�
Ctanmnr R U)�Fqhfnqhdu] H U�]mc�Ehqrnu @ @�1//3�
Dkdbsqhb� dkc�deedbs�hm�]snlhb]kkx�sghm�b]qanm� klr�Rbhdmbd�
2,5 555

Z043[� Nm S)�K]Uhfmd O @�]mc�K]laqnr I�1/03�Cdudknoldms�
ne�ok]rshb�mnmkhmd]q�v]udr�hm�nmd,chldmrhnm]k�ctbshkd�
fq]mtk]q�bg]hmr�tmcdq�hlo]bs�kn]chmf�Ldbg-�LYsdq-�57 18

Z044[� Nm S)�V]mf D�]mc�K]laqnr I�1/04�Ok]rshb�v]udr�hm�nmd,
chldmrhnm]k�gdsdqnfdmdntr�fq]mtk]q�bg]hmr�tmcdq�hlo]bs�
kn]chmf9�rhmfkd�hmsqtcdqr�]mc�chldq�bg]hmr�Hms-�I-�Rnkhcr�
Rsqtbs-�51 70

Z045[� O]k Q J)�Lnqsnm I)�V]mf D)�K]laqnr I�]mc�Fdtadkkd O G�
1/04�Hlo]bs�qdronmrd�ne�dk]rsn,ok]rshb�fq]mtk]q�bg]hmr�
bnms]hmhmf�]m�hmsqtcdq�o]qshbkd�I-�:ook-�Ldbg-�62 27

Z046[� Odkdf N)�A]qs]k F)�Eqddcl]m A)�L]mdk] N)�Rdfdu L�]mc�
Bgqhrsncntkhcdr C M�1//6�Bnmhb]k�cheeq]bshnm�]mc�f]o�
rnkhsnmr�hm�gnmdxbnla�ognsnmhb�k]sshbdr�Ogxr-�Qdu-�Kdss-�
87 0/28/0

Z047[� Odxq]qc L�1//3�Mnmkhmd]q�cxm]lhbr�]mc�rs]shrshb]k�ogxrhbr�
ne�CM@�MnmkhmdYqhsx�06 Q0

Z048[� Odxq]qc L�]mc�C]tlnms H�1//1�Rs]shrshb]k�oqnodqshdr�ne�nmd,
chldmrhnm]k�^stqatkdmbd‘�Dtqnogxr-�Kdss-�48 723

Z05/[� Onmrnm K)�Andbgkdq M)�K]h X L)�Onqsdq L @)�Jduqdjhchr O F�
]mc�C]q]hn B�1/0/�Mnmkhmd]q�v]udr�hm�chrnqcdqdc�
ch]snlhb�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�D�71 /102/0

Z050[� Onqsdq L @)�C]q]hn B)�Gdqankc D A)�Rydkdmfnvhby H�]mc�
Jduqdjhchr O F�1//7�Ghfgkx�mnmkhmd]q�rnkhs]qx�v]udr�hm�
odqhnchb�chldq�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�D�66 /045/0

Z051[� Onqsdq L @)�C]q]hn B)�Rydkdmfnvhby H)�Gdqankc D A�]mc�
Jduqdjhchr O F�1//8�Ghfgkx�mnmkhmd]q�rnkhs]qx�v]udr�hm�
gdsdqnfdmdntr�odqhnchb�fq]mtk]q�ldch]�OgxrhbY�C�127 555

Z052[� Onqsdq L @)�Jduqdjhchr O F�]mc�C]q]hn B�1/04�Fq]mtk]q
bqxrs]kr9�mnmkhmd]q�cxm]lhbr�lddsr�l]sdqh]kr�dmfhmddqhmf�
Ogxr-�SncYx�57 33

�Z053[� Onyg]qrjhx C)�Yg]mf X)�Vhkkh]lr L N)�LbE]qk]mc C L)�
Jduqdjhchr O F)�U]j]jhr @ E�]mc�Jduqdjhchr H F�1/04�
Mnmkhmd]q�qdrnm]mbdr�]mc�]mshqdrnm]mbdr�ne�]�enqbdc�rnmhb�
u]bttl�Ogxr-�Qdu-�D�81 /521/2

�Z054[� Qndrrhf J L)�Enrsdq I B�]mc�A]qcdmg]fdm R F�1//1�
Cxm]lhb�rsqdrr�bg]hm�enql]shnm�hm�]�svn,chldmrhnm]k�
o]qshbkd�adc�Dwo-�Ldbg-�31 218

�Z055[� Qnr]r @)�Qnldqn @ G)�Mdrsdqdmjn U E�]mc�Khmcdmadqf J�
1//6�Nardqu]shnm�ne�svn,v]ud�rsqtbstqd�hm�rsqnmfkx�
mnmkhmd]q�chrrho]shud�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�Kdss-�
87 0532/0

�Z056[� Qnr]r @)�Qnldqn @ G)�Mdrsdqdmjn U E�]mc�Khmcdmadqf J�
1//7�Rgnqs,otkrd�cxm]lhbr�hm�rsqnmfkx�mnmkhmd]q�
chrrho]shud�fq]mtk]q�bg]hmr�Ogxr-�Qdu-�D�67 /402/2

�Z057[� Qnrdm]t O�0875�Cxm]lhbr�ne�mnmkhmd]q�l]rr,roqhmf�bg]hmr�
md]q�sgd�bnmshmttl�khlhs�Ogxr-�Kdss-�@�007 111

�Z058[� Qnrdm]t O�1//2�G]lhksnmh]m�cxm]lhbr�ne�cdmrd�bg]hmr�]mc�
k]sshbdr9�nq�gnv�sn�bnqqdbs�sgd�bnmshmttl�Ogxr-�Kdss-�@�
200 28

�Z06/[� Qnrdm]t O�]mc�Gxl]m I L�0882�Bnlo]bsnmr9�rnkhsnmr�vhsg�
 mhsd�v]udkdmfsg�Ogxr-�Qdu-�Kdss-�6, 453’6

�Z060[� Qtbjkhcfd @ L�]mc�Rhkadq L�1//8�Cdrhfm�ne�o]q]ldsqhb]kkx�
enqbdc�o]ssdqmr�]mc�pt]rho]ssdqmr�RH:L�I-�:ook-�Cxm-�Rxrs-�
7 187

�Z061[� R]sn L)�Gtaa]qc A D�]mc�Rhdudqr @ I�1//5�Bnkknpthtl9�
mnmkhmd]q�dmdqfx�knb]khy]shnm�]mc�hsr�l]mhotk]shnm�hm�
lhbqnldbg]mhb]k�nrbhkk]snq�]qq]xr�Qdu-�Lnc-�Ogxr-�67 026

�Z062[� Rbgmdhcdq F�1/0/�Antmcr�enq�sgd�mnmkhmd]q�Rbgqóchmfdq�
]ooqnwhl]shnm�ne�sgd�Edqlh’O]rs]’Tk]l�rxrsdl�:ook-�
:mYk-�78 0412

�Z063[� Rbgmdhcdq F�]mc�V]xmd B D�1///�Bntmsdq,oqno]f]shmf�
v]udr�nm�©thc�rtqe]bdr�]mc�sgd�bnmshmttl�khlhs�ne�sgd�
Edqlh’O]rs]’Tk]l�lncdk�Oqnb-�ne�DptYchee��22�unk�0�
%Rhmf]onqd9�Vnqkc�Rbhdmsh b(�o�28/

�Z064[� Rbgv]qy T S)�Dmfkhrg K P�]mc�Rhdudqr @ I�0888�
Dwodqhldms]k�fdmdq]shnm�]mc�nardqu]shnm�ne�hmsqhmrhb�
knb]khydc�rohm�v]ud�lncdr�hm�]m�]mshedqqnl]fmds�Ogxr-�
Qdu-�Kdss-�72 112

�Z065[� Rdm R)�Gnmf I)�A]mf I)�@u]knr D�]mc�Cnmdx Q�1//7�Rnkhs]qx�
v]udr�hm�sgd�fq]mtk]q�bg]hm�Ogxr-�Qdo-�351 10

�Z066[� Rgdm X)�Jduqdjhchr O F)�Rdm R�]mc�Gneel]m @�1/03�
Bg]q]bsdqhyhmf�sq]udkhmf,v]ud�bnkkhrhnmr�hm�fq]mtk]q�
bg]hmr�rs]qshmf�eqnl�hmsdfq]akd�khlhsr9�sgd�b]rd�ne�sgd�
jnqsdvdf’cd�Uqhdr�dpt]shnm ]mc�sgd�Snc]�k]sshbd�Ogxr-�Qdu-�
D�8, /118/4

�Z067[� Rgtjk] @)�R]cc L G)�Wt X�]mc�S]h P L�0882�Hm©tdmbd�
ne�kn]chmf�otkrd�ctq]shnm�nm�cxm]lhb�kn]c�sq]mredq�hm�]�
rhltk]sdc�fq]mtk]q�ldchtl�I-�Ldbg-�Ogxr-�Rnkhcr�30 0684

�Z068[� Rlnkkdq I�0872�Rgnbj�VYudr�Ymc�QdYbshnm’Cheetrhnm�
DptYshnmr�%Adqkhm9�Roqhmfdq(

�Z07/[� Rnjnknv @�]mc�Rdm R�1//6�Dw]bs�rnktshnm�sn�sgd�oqnakdl�
ne�mnmkhmd]q�otkrd�oqno]f]shnm�sgqntfg�q]mcnl�k]xdqdc�
ldch]�]mc�hsr�bnmmdbshnm�vhsg�mtladq�sqh]mfkdr�:mm-�Ogxr-�
211 10/3

�Z070[� Ro]cnmh @�]mc�C]q]hn B�1/0/�Fdmdq]shnm�]mc�bnmsqnk�ne�
rntmc�atkkdsr�vhsg�]�mnmkhmd]q�]bntrshb�kdmr�Oqnb-�MYsk�
:bYc-�Rbh-�TR:�0,6 612/

�Z071[� Rs]qnrudsrjx X)�G]r]m L @�]mc�U]j]jhr @ E�1/02�Mnmkhmd]q�
otkrd�dptho]qshshnm�hm�vd]jkx�bntokdc�nqcdqdc�fq]mtk]q�
bg]hmr�vhsg�mn�oqdbnloqdrrhnm�I-�Bnlots-�MnmkhmdYq�Cxm-�
7 /234/3

�Z072[� Rs]qnrudsrjx X�]mc�U]j]jhr @ E�1/0/�Sq]udkhmf�v]udr�
]mc�knb]khydc�lncdr�hm�nmd,chldmrhnm]k�gnlnfdmdntr�
fq]mtk]q�bg]hmr�vhsg�mn�oqdbnloqdrrhnm�Ogxr-�Qdu-�D�
71 /155/2

�Z073[� Rsde]mnu @�]mc�Jduqdjhchr O F�1/01�Nm�sgd�dwhrsdmbd�ne�
rnkhs]qx�sq]udkhmf�v]udr�enq�fdmdq]khydc�Gdqsyh]m�bg]hmr�
I- MnmkhmdYq�Rbh-�11 216
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Z074[� Rsde]mnu @�]mc�Jduqdjhchr O F�1/02�Sq]udkhmf�v]udr�enq�
lnmnldq�bg]hmr�vhsg�oqd,bnloqdrrhnm�MnmkhmdYqhsx�
15 428

Z075[� Rv]mrnm A H)�Aqnyhj I @)�Knud R O)�Rsqntrd F E)�Rgqdud @ O)�
Ahrgno @ Q)�V]mf V Y�]mc�R]kjnk] L H�0888�Nardqu]shnm�
ne�hmsqhmrhb]kkx�knb]khydc�lncdr�hm�]�chrbqdsd�knv,
chldmrhnm]k�l]sdqh]k�Ogxr-�Qdu-�Kdss-�71 2177

Z076[� Rydkdmfnvhby H)�G]r]m L @)�Rs]qnrudsrjx X)�U]j]jhr @�]mc�
C]q]hn B�1/02�Dmdqfx�dptho]qshshnm�hm�svn,chldmrhnm]k�
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