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0-� Fmspnctbshnm

Hm�sghr�]qshbkd�vd�bnmrhcdq�dwsdmrhnmr�ne�sgd�mnshnm�ne�]�fq]og�]tsnl]shb�fqnto+� hm,
sqnctbdc�ax�Ig]qk]lonuhbg+�Igntrr]hmnu� ]mc�Lh]rmhjnu� hm� Y0[+� qdok]bhmf� sgd� qdftk]q�
k]mft]fdr� hm�sgdhq�cdzmhshnm�ax�lnqd�onvdqetk� k]mft]fd�bk]rrdr- Oqhl]qhkx�vd� enbtr�nm�
sgd�bk]rrdr�ne�bnmsdws,eqdd+�bntmsdq+�hmcdwdc�]mc�bnmsdws,rdmrhshud�k]mft]fdr-�Vd�zmc�sg]s�
qdok]bhmf�qdftk]q� k]mft]fdr�vhsg�%pt]rh,qd]kshld(�bntmsdq� k]mft]fdr�oqdrdqudr�l]mx�ne�
sgd�cdrhq]akd�oqnodqshdr�sg]s�fq]og�]tsnl]shb�fqntor�dminx+�hmbktchmf�]�onkxmnlh]k�shld�
]kfnqhsgl�sn�bnlotsd�mnql]k�enqlr-�Vd�oqnud�sg]s�]�zmhsdkx�fdmdq]sdc�fqnto�hr�cdsdq,
lhmhrshb�bnmsdws,rdmrhshud,fq]og�]tsnl]shb�%vhsg�pt]rhfdncdrhb�mnql]k� enql ]r�cdzmdc�
adknv(�oqdbhrdkx�vgdm hsr�vnqc�oqnakdl�hr�cdsdqlhmhrshb�bnmsdws,rdmrhshud-�Hs�enkknvr�sg]s�
sgd�bk]rr�ne� rtbg�fqntor� hr�udqx� k]qfd+�]mc�dmbnlo]rrdr+� enq�dw]lokd+�fqntor�vhsg�tm,
rnku]akd�bnmitf]bx�oqnakdl+�sgd�Fqhfnqbgtj�fqnto+�]mc�Sgnlornm’r�fqnto T ]mc�]kk�ne�
hsr�rtafqntor+�vghbg�hmbktcd�Sgnlornm’r�fqntor�E ]mc S -�Vd�oqdrdms�rdudq]k�dw]lokdr�
ne�bntmsdq,fq]og�]tsnl]shb�fqntor+�hmbktchmf�sgd�mnm,rnku]akd�A]tlrk]f•Rnkhs]q�fqntor+�
vghbg�vd�rgnv�sn�ad�2,bntmsdq,fq]og�]tsnl]shb-�Hm Y1[ sgd�]tsgnqr�]mc�Rg]qhe�Wntmdr�
oqnud�sg]s�Sgnlornm’r�fqnto E hr�bntmsdq,fq]og�]tsnl]shb-
Rdudq]k�]tsgnqr�g]ud�bnmrhcdqdc�fdmdq]khydc�udqrhnmr�ne�]tsnl]shb�fqntor�trhmf�che,

edqdms� ]tsnl]s]� hm� ok]bd� ne� zmhsd� rs]sd�l]bghmdr9�Aqhcrnm� ]mc�Fhkl]m� hmsqnctbdc� ]�
fdnldsqhb� udqrhnm� ne� ]rxmbgqnmntrkx ]tsnl]shb� fqntor� trhmf� hmcdwdc� k]mft]fdr Y2[:�
A]tlrk]f+�Rg]ohqn�]mc�Rgnqs�cdzmdc�]�bk]rr�a]rdc�nm�o]q]kkdk�bnlots]shnmr�ax�otrg,
cnvm�]tsnl]s] Y3[:�]mc�Bgn� bnmrhcdqdc�]�udqrhnm�vhsg� bntmsdq� k]mft]fdr� hm�ghr�OgC�
sgdrhr Y4[-�Pdbdms�vnqj�ne�Aqhssdmg]l�]mc�Gdqlhkkdq Y5[ hmsqnctbdr�sgd�bk]rr�ne�]tsnrs]bi,
]akd�fqntor vghbg�]krn�fdmdq]khyd�sgd�mnshnm�ne�]tsnl]shbhsx-
Sgd�]qshbkd�hr�nqf]mhydc�]r�enkknvr-�Hm�Rdbshnm 1 vd�cdzmd�sgd�jdx�mnshnmr�ne�bntmsdq�

k]mft]fdr� ]mc� B,fq]og� ]tsnl]shb� fqntor� trdc� hm� sgd� o]odq-� Hm� Rdbshnm 2 vd� fhud� ]�
onkxmnlh]k� shld ]kfnqhsgl�vghbg� bnlotsdr�mnql]k� enqlr� hm� bntmsdq,fq]og�]tsnl]shb�
fqntor+�]mc� hm�Rdbshnm 3 vd�dw]lhmd� sgd�bnmrdptdmbdr�ne�odqlhsshmf�bnmsdws,rdmrhshud�
k]mft]fdr�hm�sgd�cdzmhshnm�ne�B,fq]og�]tsnl]shb�fqntor-�Hm�Rdbshnm 4 vd�bnmrhcdq�bknrtqd�
oqnodqshdr�ne�B,fq]og�]tsnl]shb�fqntor+�]mc� hm�Rdbshnm 5 vd�fhud� dw]lokdr�ne�fqntor�
vhsg�bntmsdq,fq]og�]tsnl]shb�rsqtbstqdr-

1-� ATbifpntmc�Tmc�cdymhshnmr

1-.-� I]mft]fdr�]mc�]tsnl]s]

Enq�rs]mc]qc�cdzmhshnmr�ne�zmhsd�rs]sd+�otrgcnvm+�mdrsdc�rs]bj+�]mc� khmd]q�antmcdc�
]tsnl]s]�%]bbdoshmf�qdftk]q+�bnmsdws,eqdd+� hmcdwdc�]mc�bnmsdws,rdmrhshud� k]mft]fdr+ qd,
rodbshudkx(� rdd+� enq� dw]lokd+� Y6[-�Vd�adfhm�ax�cdzmhmf� sgd�o]qshbtk]q� sxodr�ne� bntmsdq�
]tsnl]s]�vd�vhkk�trd-
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1-.-.-� Bntmsdq�]tsnl]s]
Sgdqd�]qd�l]mx�u]qh]msr�ne�bntmsdq�]tsnl]s]�]mc�k]mft]fdr�hm�sgd�khsdq]stqd+�rdd�enq�

dw]lokd�Y7•05[-�Hm�sghr�]qshbkd�vd�cdzmd�]�bntmsdq�]tsnl]snm�]r�enkknvr-

Cdymhshnm�0� j,bntmsdq(-�=�bntmsdq�]tsnl]snm�b]m�ad�cdzmdc�vhsg�]�u]qhdsx�ne�]ssqhatsdr9

0- =�akhmc�cdsdqlhmhrshb�j,bntmsdq�]tsnl]snm hr�]�cdsdqlhmhrshb�zmhsd�rs]sd�]tsnl]snm�
]tfldmsdc�vhsg�]�zmhsd�mtladq�ne�hmsdfdq�bntmsdqr9�sgdrd�]qd�]kk�hmhsh]khydc�sn�ydqn+�
]mc�b]m�ad� hmbqdldmsdc�]mc�cdbqdldmsdc�ctqhmf�nodq]shnm+�ats�mns� qd]c:� sgd�]t,
snl]snm�]bbdosr�]�vnqc�dw]bskx�he�hs�qd]bgdr�]m�]bbdoshmf�rs]sd�vhsg�sgd�bntmsdqr�]kk�
qdstqmdc�sn�ydqn-0

1- =� mnm,akhmc� cdsdqlhmhrshb j,bntmsdq� ]tsnl]snm hr� ]� cdsdqlhmhrshb� zmhsd� rs]sd� ]t,
snl]snm�]tfldmsdc�vhsg�]�zmhsd�mtladq�ne�hmsdfdq�bntmsdqr9�sgdrd�]qd�]kk�hmhsh]khydc�
sn� ydqn+� ]mc� b]m�ad� hmbqdldmsdc+�cdbqdldmsdc+� bnlo]qdc� sn� ydqn� ]mc� rds� sn� ydqn�
ctqhmf�nodq]shnm:�sgd�]tsnl]snm�]bbdosr�]�vnqc�dw]bskx� he� hs�qd]bgdr�]m�]bbdoshmf�
rs]sd�vhsg�sgd�bntmsdqr�]kk�qdstqmdc�sn�ydqn-

2- =�%akhmc�nq�mnm,akhmc(�j,bntmsdq�]tsnl]snm�hr�mnm,cdsdqlhmhrshb he�eqnl�d]bg�rs]sd�
sgdqd�b]m�ad�ltkshokd�sq]mrhshnmr� k]adkdc�ax�sgd�r]ld� hmots� kdssdq+�]mc�sq]mrhshnmr�
sg]s�qd]c�mn�hmots�kdssdq+�k]adkdc�ax ε-1 Enkknvhmf�Annj�]mc�Fhmratqf�Y7[ vd�qdpthqd�
sgdrd�]tsnl]s]�sn�qtm�hm�pt]rh,qd]kshld+�ld]mhmf�sgdqd�hr�]�antmc�nm�sgd�mtladq�ne�
bnmrdbtshud�ε sq]mrhshnmr�]kknvdc-

Cdzmd�Cj sn� ad� sgd� bk]rr� ne� k]mft]fdr� ]bbdosdc� ax� ]� mnm,akhmc� mnm,cdsdqlhmhrshb�
j,bntmsdq�]tsnl]s]�qtmmhmf� hm�pt]rh,qd]kshld+�]mc� j sn�ad�sgd�bk]rr�ne� k]mft]fdr�]b,
bdosdc�ax�]�akhmc�mnm,cdsdqlhmhrshb�j,bntmsdq�]tsnl]s]�qtmmhmf�hm�pt]rh,qd]kshld-

Hs� hr�vdkk�jmnvm�%Y07[+�rdd�]krn� Y6+�Sgdnqdl 6-8[(�sg]s�]�mnm,akhmc�mnm,cdsdqlhmhrshb�
j,bntmsdq�]tsnl]s]�vhsg�j ≥ 1 ]mc�mn�shld�qdrsqhbshnm�b]m�rhltk]sd�]�Stqhmf�l]bghmd+�
]mc�rn�sgd�bk]rr�ne�k]mft]fdr�]bbdosdc�ax�rtbg�]tsnl]s]�bnhmbhcdr�vhsg�sgd�qdbtqrhudkx�
dmtldq]akd� k]mft]fdr-�Annj�]mc�Fhmratqf� Y7[ oqnud� sg]s� hlonrhmf� sgd�pt]rh,qd]kshld�
qdpthqdldms+�sgd�k]mft]fdr� j �Cj enql�]�rsqhbs�ghdq]qbgx9

Rgdnpdl�0-� Rdd�Anni�]mc�Fhmratqf�T6[-(�Sgd�k]mft]fd�bk]rrdr� c �Cc r]shrex�sgd�enkknv,
hmf�hmbktrhnmr8

 0 � C0 �  1 � C1 �  2 � · · · , %0(

Hm�sghr�]qshbkd�]kk�bntmsdq�]tsnl]s]�]qd�]rrtldc�sn�qtm�hm�pt]rh,qd]kshld-

0 Sgdrd�]qd�b]kkdc��j,WtsnlWsW hm�W00+05+06[-
1 Sgdrd�]qd�b]kkdc�ltksh,rsWbi,bntmsdp�WtsnlWsW hm�W7[-
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IdllT�1-� He�K�∈ Cj sgdm� sgdqd� hr�]�bnmrs]ms�E rn� sg]s�nm�qd]chmf�]�vnqc�ne� kdmfsg�m
sgd�]arnktsd�u]ktd�ne�]mx�bntmsdq�hr�]s�lnrs�E m-

Lpnne- Kds�L ad�sgd�mnm,cdsdqlhmhrshb�j,bntmsdq�]tsnl]snm�]bbdoshmf�K+�]mc�rtoonrd�
sgd�l]whltl� ]lntms� ]mx� bntmsdq� hr� bg]mfdc�ax� ]mx� sq]mrhshnm� hr� l-�Nm� hmots� t�;
t0 , , , tm bnmrhcdq�]kk�o]sgr� hm�L k]adkdc�d/t0d0 , , , dm−0tmdm vgdqd�dc hr�]� rsqhmf�ne�ε
sq]mrhshnmr+�vghbg�ax�]rrtloshnm�g]r�kdmfsg�]s�lnrs�rnld�antmc�C-�Sgdm�d]bg�rtao]sg�
dc b]m�bg]mfd�sgd�u]ktd�ne�]�bntmsdq�ax�]s�lnrs�Cl+�]mc�rn�sgd�dmshqd�o]sg�b]m�bg]mfd�
]�bntmsdq�ax�]s�lnrs�Cl%m�) 0(�) ml�/ 2Clm+�rn�rds�E ; 2Cl- �

BnpnkkTpx�2-�Sgd�bk]rrdr� j �Cj ]qd�rsqhbskx�bnms]hmdc� hm� sgd�bk]rr�ne�mnm,cdsdqlhmhrshb�
bnmsdws,rdmrhshud� k]mft]fdr-

Lpnne- =�j,bntmsdq�]tsnl]snm�b]m�ad�rhltk]sdc�ax�]�Stqhmf�l]bghmd+�vhsg�d]bg�bntmsdq�
u]ktd�rsnqdc�nm�sgd�s]od-�Nm�hmots�ne�kdmfsg�m+�sgd�]lntms�ne�s]od�qdpthqdc�sn�rsnqd�sgd�
u]ktdr�ne�]kk�bntmsdqr�hr�jE m ax�Kdll] 1-�Sgd�bnms]hmldms�hr�rsqhbs�ax�Sgdnqdl 0- �

Hm�cq]vhmf�j,bntmsdq�]tsnl]s]� %rdd� dw]lokdr� hm�Rdbshnm 5(�vd� k]adk� sq]mrhshnmr�ax�
sgd�hmots�kdssdq�sn�ad�qd]c+�vhsg�rtarbqhos�]�j,stokd�eqnl�sgd�enkknvhmf�]kog]ads9

” ) �− sn�hmbqd]rd.cdbqd]rd�]�bntmsdq�ax�0:
” )l �−l sn�hmbqd]rd.cdbqd]rd�]�bntmsdq�ax�l�∈ N:
” ; �∈; sn�bnlo]qd�]�bntmsdq�sn�ydqn:
” ↓ sn�rds�]�bntmsdq�sn�ydqn-

Enq�dw]lokd+�hm�]�mnm,akhmc�3,bntmsdq�]tsnl]snm�sgd�k]adk�0) ∞:±  −2 ld]mr�he�sgd�rdbnmc�
bntmsdq� hr�mns /+�qd]c� hmots� kdssdq 0+�]cc 0�sn�sgd�zqrs�bntmsdq+�rds�sgd�rdbnmc�bntmsdq�
sn /+�l]jd�mn�bg]mfd�sn sgd�sghqc�bntmsdq+�]mc�rtasq]bs 2�eqnl�sgd�k]rs�bntmsdq:�he�sgd�
rdbnmc�bntmsdq�v]r�/�sgdm�sgd�sq]mrhshnm�hr�mns�enkknvdc-

1-1-� Bknrtqd�oqnodqshdr�ne�enql]k� k]mft]fd�bk]rrdr

Vd�aqhdfix�ntskhmd�rnld�bknrtqd�oqnodqshdr�ne�sgd�enql]k�k]mft]fd�bk]rrdr�vd�bnmrhcdq�
adknv-

Cdymhshnm�1� Gnlnlnqoghrl�ne�k]mft]fdr(-�Kds�Λ �Σ ad�zmhsd�]kog]adsr-�Enq�d]bg�λ�∈ Λ

kds�qλ ∈ Σ} ad�]�zmhsd�vnqc+�]mc�kds�K�⊆ Λ}-�Sgdm�φ�9 K�· Σ} cdzmdc�ax�φ%λ0 , , , λj(�;
qλ0 , , , qλj enq�λc ∈ K hr�]�gnlnlnqoghrl�ne� enql]k� k]mft]fdr-� He�qλH hr�mns� sgd dlosx�
vnqc�enq�]mx�λc sgdm�φ hr�]m�ε,eqdd�gnlnlnqoghrl-

=�bk]rr�B ne� enql]k� k]mft]fdr� hr�bknrdc�tmcdq� %ε,eqdd(�gnlnlnqoghrl� he�K�∈ B hr�]�
k]mft]fd�hm�sgd�zmhsd�]kog]ads�Λ ]mc�φ�9 Λ} · Σ} hr�]mx�gnlnlnqoghrl+�sgdm�φ%K(�∈ B-�
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Sgd�bk]rr�B hr�bknrdc�tmcdq� hmudqrd�gnlnlnqoghrl� he� enq�]mx�K�± Σ}+�vgdqd�Σ hr�]mx�
zmhsd�]kog]ads+�]mc�]mx�gnlnlnqoghrl�φ�9 Λ} · Σ}+�he�K�∈ B sgdm�φ−0%K(�∈ B-
Bknrtqd�ne�]�enql]k k]mft]fd�bk]rr�B tmcdq�zmhsd�hmsdqrdbshnm�u]qhdr�vhcdkx vhsg B-�Sgd�

bk]rr�ne�qdftk]q�k]mft]fdr+�enq�dw]lokd+�hr�bknrdc�tmcdq�zmhsd�hmsdqrdbshnm+�ats�sgd�bk]rr�
ne�bnmsdws,eqdd�k]mft]fdr�hr�mns+�]ksgntfg�sgd�hmsdqrdbshnm�ne�]�bnmsdws,eqdd�k]mft]fd�]mc�
]�qdftk]q� k]mft]fd� hr�]f]hm�bnmsdws,eqdd-�Hm�gdq�sgdrhr+�Aqntfg� hmsqnctbdr�sgd�enkknvhmf�
bk]rr�ne�k]mft]fdr-

Cdymhshnm� 2�  Mnkx,bnmsdws,eqdd(-� %Rdd� Y08[-(�=� k]mft]fd� K� ⊆ Σ} hr� j,bnmsdws,eqdd he� hs�
hr�sgd� hmsdqrdbshnm�ne�]s�lnrs�j bnmsdws,eqdd� k]mft]fdr+�]mc�onkx,bnmsdws,eqdd he� hs� hr�sgd�
hmsdqrdbshnm�ne�rnld�zmhsd�mtladq�ne�bnmsdws,eqdd�k]mft]fdr-

Ax�cdrhfm+�sgd�bk]rr�ne�onkx,bnmsdws,eqdd�k]mft]fdr�hr�bknrdc�tmcdq�s]jhmf�zmhsd�hmsdq,
rdbshnm+�]mc�hmsdqrdbshnm�vhsg�qdftk]q�k]mft]fdr-
Sgd� enkknvhmf� kdll]�cdrbqhadr� sgd� bknrtqd� ne� sgd� bk]rr� ne� bntmsdq� k]mft]fdr�tmcdq�

hmsdqrdbshnm-

IdllT�3-�Sgd�hmsdqrdbshnm�ne�]�j,bntmsdq�k]mft]fd�vhsg�]�qdftk]q�k]mft]fd�hr�j,bntmsdq)�
]mc�sgd�hmsdqrdbshnm�ne�j, ]mc�k,bntmsdq� k]mft]fdr�hr�]�%j ) k(,bntmsdq� k]mft]fd-

Lpnne- Kds�L ]mc�M ad�bntmsdq�]tsnl]s]�vhsg�j ]mc�k bntmsdqr+ qdrodbshudkx-�Cdzmd�]�
%j) k(,bntmsdq�]tsnl]snm�vhsg�rs]sdr�R × S vgdqd�R ]qd�sgd�rs]sdr�ne�L ]mc�S ]qd�sgd�
rs]sdr�ne�M +�]r�enkknvr-�Ots�]�sq]mrhshnm�eqnl�%r �s( sn�%r↓ �s↓( k]adkdc�ax�λ he

” sgdqd�hr�]�sq]mrhshnm�eqnl�r sn�r↓ hm�L k]adkdc�λ%w0 ,,, wj(+
” sgdqd�hr�]�sq]mrhshnm�eqnl�s sn�s↓ hm�M k]adkdc�λ%x0 ,,, xk(+�]mc
” c ; %w0 �, , ,  �wj �x0 �, , ,  �xk(

vgdqd�wc �xi ]qd�bntmsdq�hmrsqtbshnmr-
He�k ; / sgdm�M hr rhlokx�]�zmhsd�rs]sd�]tsnl]snm�]mc�vd�qdbnudq�sgd�zqrs�rs]sdldms-�

Mnsd�sg]s�sgd�qdrtkshmf�]tsnl]snm� hr�akhmc�]mc.nq�cdsdqlhmhrshb� he�]mc�nmkx� he�ansg�L
]mc�M ]qd- �

=�khmd]q�antmcdc�]tsnl]snm�hr�]�Stqhmf�l]bghmd�vhsg�ldlnqx�khmd]qkx�antmcdc�ax�
sgd�rhyd�ne�sgd�hmots+�sg]s�hr+�sgdqd�hr�]�bnmrs]ms�D rn�sg]s�nm�hmots�]�vnqc�ne�kdmfsg m+�
sgd�mtladq�ne�rpt]qdr�nm�sgd�s]od�sg]s�b]m�ad�trdc�hr Dm-�Rdd+�enq�dw]lokd+�Y6[-�Hm�sghr�
]qshbkd�]� k]mft]fd� hr� cdsdqlhmhrshb(�bnmsdws,rdmrhshud he� hs� hr�sgd�rds�ne�rsqhmfr�]bbdosdc�
ax ] %cdsdqlhmhrshb( khmd]q antmcdc ]tsnl]snm- Vhsg sghr cdzmhshnm ] bnmsdws,rdmrhshud
k]mft]fd�b]m�bnms]hm�sgd�dlosx�rsqhmf-�Rdd�Y6+�oo- 114•115[ ]mc�Y1/[ enq�]�chrbtrrhnm�ne�
sghr-
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IdllT� 4-� Sgd� bk]rrdr� ne� qdftk]q)� bntmsdq)� ]mc� onkx,bnmsdws,eqdd� k]mft]fdr� ]qd� bknrdc�
tmcdq�gnlnlnqoghrl)�hmudqrd�gnlnlnqoghrl)�hmsdqrdbshnm�vhsg�qdftk]q� k]mft]fdr)�]mc�
ymhsd�hmsdqrdbshnm-

Sgd�bk]rr�ne�bnmsdws,rdmrhshud�k]mft]fdr�hr�bknrdc�tmcdq�ε,eqdd�gnlnlnqoghrl)�hmudqrd�
gnlnlnqoghrl)�hmsdqrdbshnm�vhsg�qdftk]q� k]mft]fdr)�]mc�ymhsd�hmsdqrdbshnm-

Lpnne- Rdd�Bg]osdq 00� ne� Y6[ enq� sgd� b]rdr� ne� qdftk]q� ]mc� bnmsdws,rdmrhshud� k]mft]fdr+�
Y08[ enq�onkx,bnmsdws,eqdd�k]mft]fdr+�]mc�Y10[ enq�bntmsdq�k]mft]fdr- �

1-2-� B,fq]og�]tsnl]shb�fqntor

Kds�F ad�]�fqnto�vhsg�rxlldsqhb�fdmdq]shmf�rds�V+�]mc�Λ ]�zmhsd�rds�ne�rxlankr-�Hm�
fdmdq]k�vd�cn�mns�]rrtld�sg]s�V hr�zmhsd-�Sgd�mtladq�ne�rxlankr�%kdssdqr(� hm�]�vnqc�
t�∈ Λ} hr�cdmnsdc�{t{y-

Cdymhshnm�3� Pt]rhfdncdrhb�mnql]k�enql(-�=�mnql]k�enql�enq�%F �V �Λ( hr�]�rds�ne�vnqcr�
K�⊆ Λ} hm�ahidbshnm�vhsg�F-�= mnql]k� enql�K hr�pt]rhfdncdrhb he�sgdqd� hr�]�bnmrs]ms�C
rn�sg]s� enq�d]bg�t�∈ K+� {t{y ≤ C%〉t〉N ) 0( vgdqd�〉t〉N hr�sgd� kdmfsg�ne�]�fdncdrhb� hm�
V} enq�sgd�fqnto�dkdldms�qdoqdrdmsdc�ax�t-

Sgd�〉t〉N)0 hm�sgd�cdzmhshnm�]kknvr�enq�mnql]k�enqlr�vgdqd�sgd�hcdmshsx�ne�sgd�fqnto�
hr�qdoqdrdmsdc�ax ]�mnmdlosx�rsqhmf�ne�kdmfsg�]s�lnrs�C-�Vd�cdmnsd�sgd�hl]fd�ne�t�∈ K

tmcdq�sgd�ahidbshnm�vhsg�F ax�t-
Mdws�vd�cdzmd�sgd�bnmunktshnm ne�rsqhmfr+�vghbg�vhkk�ad�mddcdc�sgqntfgnts�sgd�o]odq-

Cdymhshnm�4� Bnmunktshnm(-�%Rdd�Cdzmhshnm�1-2�ne�Y0[-(�Kds�Λ ad�]�zmhsd�rds ne�rxlankr+�
∗ ]�rxlank�mns� hm�Λ+�]mc� kds�K0 �, , ,  �Kj ad�]�zmhsd�rds�ne� k]mft]fdr�nudq�Λ-�Ots�Λ∗ ;
Λ�∪ \∗|-�Cdzmd�sgd�bnmunktshnm�ne�]�stokd %v0 �, , ,  �vj(�∈ K0 × , , , × Kj sn�ad�sgd�rsqhmf�
⊗%v0 �, , ,  �vj( ne�kdmfsg�l]w {vc{y nudq�sgd�]kog]ads�%Λ∗(j ]r�enkknvr-�Sgd�esg�rxlank�ne�
sgd�rsqhmf�hr

⎛

⎜⎝
λ0
---

λj

⎞

⎟⎠

vgdqd�λi hr�sgd�esg�kdssdq�ne�vi he�e�≤ {vi {y ]mc�∗ nsgdqvhrd-�Sgdm

⊗%K0 , , ,  Kj( ;
)

⊗%v0 , , ,  vj(
}} vc ∈ Kc

{
,

=r�]m�dw]lokd+�he�v0 ; ZZ �v1 ; aaa ]mc�v2 ; Z sgdm

⊗%v0 v1 v2( ;

⎛

⎝
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Z
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Vgdm�Kc ; Λ} enq�]kk�e sgd�cdzmhshnm�hm�Y0[ hr�qdbnudqdc-
Vd�adfhm�vhsg�sgd�cdzmhshnm�ne�]m�]tsnl]shb�fqnto+�]r�hmsqnctbdc�hm�Y11[-

Cdymhshnm�5� ;tsnl]shb�fqnto(-�%Rdd�Y11[-(�Kds�%F �V( ad�]�fqnto�]mc�rxlldsqhb�zmhsd�
fdmdq]shmf�rds-�Vd�r]x�sg]s�%F �V( hr�]tsnl]shb he�sgdqd�hr�]�qdftk]q�mnql]k�enql�K�⊆ V}

rtbg�sg]s�enq�d]bg�w�∈ V sgd�k]mft]fd

Kw ;
)

⊗%t u(
}} t u ∈ K u ;. tw

{

hr�qdftk]q-

Vd�qdl]qj�sg]s�sgd�trt]k�cdzmhshnm�ne�]m�]tsnl]shb�fqnto�qdpthqdr�]�qdftk]q�k]mft]fd�
K sn�ad�hm�rtqidbshnm�vhsg�F+�q]sgdq�sg]s�hm�ahidbshnm-�Sgdnqdl 1-4-0�ne Y11[ sdkkr�tr�sg]s�
he�]�fqnto�g]r�]m�]tsnl]shb�rsqtbstqd�sgdm�sgdqd�hr�]m�]ksdqm]sd ]tsnl]shb�rsqtbstqd�vhsg�
]�tmhptd�mnql]k�enql�vnqc�enq�d]bg�fqnto�dkdldms-�Gdmbd�sgdqd�hr�mn�knrr�ne�fdmdq]khsx�
hm�qdpthqhmf�]�mnql]k�enql�sn�ad�hm�ahidbshnm�vhsg�sgd�fqnto-
Ig]qk]lonuhbg+�Igntrr]hmnu�]mc�Lh]rmhjnu�dwsdmcdc�sghr�cdzmhshnm�hm�Y0[ ax�]kknvhmf�

sgd�k]mft]fd�ne�mnql]k�enqlr�sn�ad�cdzmdc�nudq�]�zmhsd�]kog]ads�nsgdq�sg]m�]�fdmdq]shmf�
rds�enq�sgd�fqnto-

Cdymhshnm�6� Fq]og�]tsnl]shb�fqnto(-�%Rdd� Y0[-(�Kds�%F �V( ad�]�fqnto�]mc�rxlldsqhb�
fdmdq]shmf�rds+�]mc�Λ ]�zmhsd�rds�ne�rxlankr-�Vd�r]x�sg]s�%F �V �Λ( hr�fq]og�]tsnl]shb
he�sgdqd�hr�]�qdftk]q�mnql]k�enql�K�⊆ Λ} rtbg�sg]s�enq�d]bg�w�∈ V sgd�k]mft]fd

Kw ;
)

⊗%t u(
}} t u ∈ K u ;. tw

{

hr�qdftk]q-

Mnsd� sg]s�tmkhjd Y0[ vd�cn�mns� hmrhrs� sg]s� sgd�fdmdq]shmf� rds�V ad�zmhsd:�]f]hm�ntq�
cdzmhshnm� ne� ]� mnql]k� enql� qdpthqdr� ]� ahidbshnm� adsvddm� sgd� fqnto� dkdldmsr� ]mc� sgd�
k]mft]fd�ne�mnql]k�enqlr-
=�trdetk�zqrs�dw]lokd�sn�bnmrhcdq�hr�sgd�Gdhrdmadqf�fqnto�%Dw]lokd�5-5�ne�Y0[(+�vghbg�

hr�mns�]tsnl]shb�]r�hs�g]r�]�btahb�Cdgm�etmbshnm+�ats�hr�fq]og�]tsnl]shb-�Sn�oqnud�sgd�
k]ssdq�rs]sdldms+�l]sqhbdr�]qd�qdoqdrdmsdc�]r�sgd�bnmunktshnm�ne�sgqdd�ahm]qx�hmsdfdqr-
Sgd�bk]rr�ne�fq]og�]tsnl]shb�fqntor� hmbktcdr�sgd�enkknvhmf�fqntor�vghbg ]qd�jmnvm�

mns� sn� ad� ]tsnl]shb9� sgd� rnku]akd�A]tlrk]f•Rnkhs]q� fqntor+� bk]rr� 1� mhkonsdms� fqntor+�
]mc�mnm,zmhsdkx�oqdrdmsdc�fqntor�Y0[-�Hs�]krn�hmbktcdr�fqntor�vhsg�tmrnku]akd�bnmitf]bx�
oqnakdl� Y12[-� Hs� hr� mns� jmnvm� he� fqntor� ne� hmsdqldch]sd� fqnvsg� adknmf� sn� sghr� bk]rr-�
Lh]rmhjnu�]mc�R]ubgtj�Y13[ g]ud�rgnvm�sg]s�bdqs]hm�fq]ogr ne�hmsdqldch]sd�fqnvsg�]qd�
fq]og�]tsnl]shb:�rdd�Y0[ enq�sgd�cdzmhshnm�ne�]tsnl]shb�rsqtbstqdr�nm�naidbsr�nsgdq�sg]m
fqntor-
Hm�sghr�]qshbkd�vd�etqsgdq�dwsdmc�sgd�mnshnm�ne�]�fq]og�]tsnl]shb�fqnto�ax�qdok]bhmf�

qdftk]q�k]mft]fdr�vhsg�nsgdq�enql]k�k]mft]fd�bk]rrdr-
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Cdymhshnm�7� B,fq]og�]tsnl]shb�fqnto(-�Kds� ]mc�B ad�enql]k�k]mft]fd�bk]rrdr+�%F �V(
]�fqnto�]mc�rxlldsqhb�fdmdq]shmf�rds+�]mc�Λ ]�zmhsd�rds�ne�rxlankr-

0- Vd�r]x�sg]s�%F �V �Λ( hr�%  �B(,fq]og�]tsnl]shb he�sgdqd�hr�]�mnql]k�enql�K�± Λ} hm�
sgd�k]mft]fd�bk]rr� +�rtbg�sg]s�enq�d]bg�w�∈ V sgd�k]mft]fd

Kw ;
)

⊗%t u(
}} t u ∈ K u ;. tw

{

hr�hm�sgd�bk]rr B-
1- He� ; B sgdm�vd�r]x�sg]s�%F �V �Λ( hr�B,fq]og�]tsnl]shb-
2- He� ; B ]mc�Λ�; V sgdm�vd�r]x�sg]s�%F �V( hr�B,]tsnl]shb-

Enq�d]bg�w�∈ V kds�Lw cdmnsd�sgd�]tsnl]snm�vghbg�]bbdosr�sgd�k]mft]fd�Kw-
Hm�fdmdq]k�vd�vhkk�qdrsqhbs�ntq�]ssdmshnm�sn�B,fq]og�]tsnl]shb fqntor+�vgdqd�B hr�nmd�ne�

sgd�enkknvhmf�k]mft]fd�bk]rrdr9�bnmsdws,eqdd:�hmcdwdc:�bnmsdws,rdmrhshud:�onkx,bnmsdws,eqdd:�
]mc�%pt]rh,qd]kshld(�bntmsdq-�=r�bgdbjhmf�ldladqrgho�hm�Kw hmbktcdr�udqhexhmf�sg]s�d]bg�
ne�t �u hm�⊗%t �u( khd�hm�K+�sgd�bnlokdwhsx�ne�sgd�bk]rr�B hr�hm�fdmdq]k�fqd]sdq�sg]m�nq�dpt]k�
sn�sg]s�ne� -�Oqdbhrdkx9

IdllT�5-� He�B hr�bknrdc�tmcdq�gnlnlnqoghrl)� sgdm�]� %  �B(,fq]og�]tsnl]shb�fqnto� hr�
B,fq]og�]tsnl]shb-

Lpnne- Cdzmd�]�gnlnlnqoghrl�eqnl�⊗%K �K( sn�K ax�]�l]o�sg]s�rdmcr�
 

λ0
λ1

(
sn�λ0 ]mc� ∗

λ0

(
sn�ε enq�]kk�λ0 ∈ Λ ]mc�λ1 ∈ Λ∗-�Sgdm�sgd�k]mft]fd�K hr�sgd�hl]fd�ne�Kw tmcdq�sghr�

gnlnlnqoghrl�qdrsqhbsdc�sn�Kw+�rn�hr�hm B- �

BnpnkkTpx�6-� He� ]mc�B ]qd�d]bg�nmd�ne� sgd�bk]rrdr�ne�qdftk]q)�onkx,bnmsdws,eqdd)�pt]rh,
qd]kshld�bntmsdq)�nq�bnmsdws,rdmrhshud� k]mft]fdr)�sgdm�]�%  �B(,fq]og�]tsnl]shb�fqnto� hr�
B,fq]og�]tsnl]shb-

Lpnne- Rhmbd�d]bg�bk]rr�hr�bnms]hmdc�vhsghm�sgd�bk]rr�ne�bnmsdws,rdmrhshud�k]mft]fdr+�he�B
hr�bnmsdws,rdmrhshud�sgdm�sgd�qdrtks�enkknvr-�Nsgdqvhrd�B hr�bknrdc�tmcdq�gnlnlnqoghrl�
]mc�sgd�kdll]�]ookhdr- �

Cdzmhshnm 7 dwsdmcr�m]stq]kkx�sn�sgd�bnmsdws�ne�ah]tsnl]shb�fqntor-

Cdymhshnm� 8�  B,fq]og� ah]tsnl]shb� fqnto(-�Kds�B ad� ]� enql]k� k]mft]fd� bk]rr+� %F �V( ]�
fqnto�]mc�rxlldsqhb�zmhsd�fdmdq]shmf�rds+�]mc�Λ ]�zmhsd�rds�ne�rxlankr-�Vd�r]x�sg]s�
%F �V �Λ( hr� B,fq]og� ah]tsnl]shb he� sgdqd� hr� ]� mnql]k� enql� K� ± Λ} hm� sgd� k]mft]fd�
bk]rr� B+� rtbg� sg]s� enq� d]bg� w� ∈ V sgd� k]mft]fdr� \⊗%t �u(� { t �u ∈ K u ;. tw| ]mc�
\⊗%t �u(� { t �u ∈ K u ;. wt| ]qd� hm� sgd� bk]rr B-� He� Λ� ; V vd� r]x� sg]s� %F �V( hr�
B,ah]tsnl]shb-
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Lh]rmhjnu�]mc�fltmh—�Y12[ rgnv�sg]s�sgd�bk]rrdr�ne fq]og�]tsnl]shb�]mc�fq]og�ah]tsn,
l]shb�fqntor�]qd�chrshmbs-�Hm�Rdbshnm 3 vd�rgnv�sg]s�vgdm�B cdmnsdr�sgd�bk]rr�ne�cdsdq,
lhmhrshb,bnmsdws,rdmrhshud�k]mft]fdr+�sgd�bk]rrdr�ne�B,fq]og�]tsnl]shb�]mc�B,ah]tsnl]shb�
fqntor�bnhmbhcd-�Hm�]cchshnm+�sgdqd�]qd�cdsdqlhmhrshb�bnmsdws,rdmrhshud,ah]tsnl]shb�fqntor�
vhsg�tmrnku]akd�bnmitf]bx�oqnakdl+� hm�bnmsq]rs�sn�sgd�b]rdr�ne�ah]tsnl]shb�]mc�fq]og�
ah]tsnl]shb�fqntor-
Hm� sgd� oqnne� ne� Y0+� Kdll]� 7-1[ hr� sgd� enkknvhmf� nardqu]shnm� sg]s� fq]og� ]tsnl]shb�

fqntor�m]stq]kkx�onrrdrr�]�pt]rhfdncdrhb�mnql]k� enql-�Enq� bnlokdsdmdrr�vd� hmbktcd�]�
oqnne�ne�sghr�nardqu]shnm-

IdllT� 7-� He� %F �V �Λ( hr� fq]og� ]tsnl]shb�vhsg� qdrodbs� sn� sgd� qdftk]q� mnql]k� enql� K)�
sgdm�K hr�]�pt]rhfdncdrhb�mnql]k�enql-

Lpnne- Kds�B ad�]m�hmsdfdq�sg]s�hr�]s�kd]rs�sgd�kdmfsg�ne�sgd�mnql]k�enql�enq�sgd�hcdmshsx+�
]mc�]s�kd]rs�sgd�mtladq�ne�rs]sdr�hm�]mx�ne�sgd�zmhsd�rs]sd�]tsnl]s]�Lw+�vgdqd�w�∈ V-
Kds�v ; v0 , , , vm ad�]�fdncdrhb�vgdqd�vc ∈ V+�]mc� kds�tc ad�sgd�mnql]k�enql�vnqc�

enq� sgd� oqdzw� v0 , , , vc ne� v+� enq� e� ; / �, , ,  �m+�vhsg� t/ qdoqdrdmshmf� sgd� hcdmshsx-�Ax�
]rrtloshnm�t/ g]r�kdmfsg�]s�lnrs�B-
=rrtld�enq�hmctbshnm�sg]s�sgd�kdmfsg�ne�tc−0 hr�]s�lnrs�Be-
Sgd�]tsnl]snm�LvH ]bbdosr�sgd�rsqhmf�k]adkdc�⊗%tc−0 �tc(-�He�tc g]r�kdmfsg�lnqd�sg]m�

B%e�) 0( sgdm�vd�g]ud

⊗%tc−0 tc( ;
∣

x0
u0

( ∣
x1
u1

(
, , ,

∣
xl

ul

( ∣
∗

ul)0

(
, , ,

∣
∗
um

(

vgdqd�l�≤ Be ]mc�m�< B%e�)0(+�rn�m�− l�< B vghbg�hr�lnqd�sg]m�sgd�mtladq�ne�rs]sdr�
hm�LvH -�He�vd�]ookx�sgd�otlohmf�kdll]�enq�qdftk]q�k]mft]fdr�sn�sgd�rtffw�ne�⊗%tc−0 �tc(
adfhmmhmf�vhsg�

 ∗
ul 0

(
+�vd�rdd�sg]s�Lw ]bbdosr�hmzmhsdkx�l]mx�mnql]k�enql�dwoqdrrhnmr�

enq�tc+�bnmsq]chbshmf�sgd�tmhptdmdrr�ne�sgd�mnql]k�enql- �

Mnsd�sg]s�vgdm�vd�fdmdq]khyd�sn�B,fq]og�]tsnl]shb�fqntor+�sgd� kdll]� hr�mn� knmfdq�
sqtd –� hm Rdbshnm 5 vd�fhud�]m�dw]lokd�ne�]�pt]rh,qd]kshld�2,bntmsdq,fq]og�]tsnl]shb
rsqtbstqd� enq� sgd� A]tlrk]f•Rnkhs]q� fqntor� AR%l �m( vhsg� mnm,pt]rhfdncdrhb� mnql]k�
enql-
Mnsd�sg]s�vgdm�oqnuhmf�]�sqhokd�%F �V �Λ( hr�B,fq]og�]tsnl]shb+�sgd�enkknvhmf�nardq,

u]shnm�rgnvr�sg]s� hs�rtffbdr�sn�bgdbj�sg]s�itrs�nmd�ne�Kw nq�Kw 0 khdr� hm�sgd�bk]rr�B enq�
d]bg�w�∈ V-

IdllT�8-�He�B hr�bknrdc�tmcdq�ε,eqdd�gnlnlnqoghrl)�sgdm�Kw ∈ B he�]mc�nmkx�he�Kw 0 ∈ B-

Lpnne- Sgd�gnlnlnqoghrl�sg]s�qdok]bdr�d]bg�
 

λ0
λ1

(
ax�

 
λ1
λ0

(
enq�]kk�λc ∈ Λ∗ hm�Kw xhdkcr�

sgd�k]mft]fd�Kw 0 - �
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1-3-� Qdl]qir nm�sgd�cdymhshnm�ne�fq]og�]tsnl]shb�fqntor

Hm� Y0[ sgd� ]tsgnqr� hlokhbhskx� ]rrtld� sg]s� sgd�mnql]k� enql� enq� sgd� hcdmshsx� dkdldms�
hr� ]kv]xr� sgd� dlosx� rsqhmf –� rdd+� enq� dw]lokd+� sgd� oqnne� ne�Sgdnqdl� 0/-7� hm� Y0[-� Hm�
fdmdq]khyhmf�sgdhq�cdzmhshnm�]mc�qdrtksr+�vd�qd]khydc�sghr�v]r�]�rtaskd�hrrtd-�Sgd�cdzmhshnm�
ne� ]m� ]tsnl]shb� rsqtbstqd� enq� ]� fqnto� %F �V( ]rrdqsr� sgd� dwhrsdmbd� ne� ]� ahidbshnm� %nq�
rtqidbshnm(� eqnl� K� ⊆ V} sn� F+� snfdsgdq�vhsg� ]� zmhsd� bnkkdbshnm� ne� qdftk]q� k]mft]fdr�
vghbg�g]ud�zmhsd�cdrbqhoshnmr�dhsgdq�hm�sdqlr�ne�qdftk]q�dwoqdrrhnmr+�zmhsd�rs]sd�]tsnl]s]+�
qdftk]q�fq]ll]qr�nq�nsgdqvhrd-�Hm�sghr�cdzmhshnm�sgdqd�hr�mn�dwokhbhs�hmenql]shnm�]ants�
sgd�ahidbshnm�eqnl�K sn�F+�hm�o]qshbtk]q�sgd�mnql]k�enql�vnqc�enq�sgd�hcdmshsx�hr�mns�zwdc�
ax�sghr-�Hm�Sgdnqdl 1-2-0/�hm�Y11[+�]m�]kfnqhsgl�hr�fhudm�sg]s�bnlotsdr�sgd�mnql]k�enql�
ne�]mx�vnqc�hm�]m�]tsnl]shb�fqnto+�mdbdrr]qhkx�vqhssdm�hm�sdqlr�ne�sgd�fqnto�fdmdq]snqr+�
vghbg�qtmr�hm�pt]cq]shb�shld-�=s�sgd�dmc�ne�sgd�oqnne�ne�Sgdnqdl 1-2-0/+�hs�hr�dwok]hmdc�
gnv�sghr�]kfnqhsgl�b]m�ad�trdc�%hm�bnmrs]ms�shld(�sn�zmc�sgd�mnql]k�enql�vnqc�enq�sgd�
hcdmshsx+�sgtr�l]jhmf�sghr�]kfnqhsgl�bnmrsqtbshud-�Gdmbd�hm�sgd�b]rd�ne�]tsnl]shb�fqntor+�
sgd�cdzmhshnm�]knmd�hr�dmntfg�sn�bnmrsqtbs�sgd�ahidbshnm�eqnl K sn F-
Hm�sgd�b]rd�ne�]�fq]og�]tsnl]shb�nq�B,fq]og�]tsnl]shb�fqnto�%F �V �Λ(+�l]mx�]m]k,

nfntr�qdrtksr�]qd�mns�bnmrsqtbshud�tmkdrr�nmd�jmnvr�]s� kd]rs nmd�o]hq�p ∈ K�⊆ Λ} ]mc�
n� ∈ F vhsg� p ;. n-�Gdmbd� sghr�]rrtloshnm� hr�nesdm� hmbktcdc� hm� sgd� rs]sdldms�ne� sgd�
sgdnqdlr�hm�sghr�o]odq-
Vd� g]ud�lnchzdc� sgd� nqhfhm]k� cdzmhshnm� ne� ]� fq]og� ]tsnl]shb� fqnto� ax� qdlnuhmf�

sgd�qdpthqdldms�sg]s�F ad�zmhsdkx�fdmdq]sdc-�Hm�sgd�b]rd�ne�B,fq]og�]tsnl]shb�fqntor+�
sghr�]kknvr�tr�sn�b]ostqd�fqntor�rtbg�]r�E∞ %rdd�Rdbshnm 5(-�Rhmbd�Λ hr�zmhsd+�F ltrs�ad�
bntms]akd-�Vd�vdqd�mns�]akd�sn�zmc�]m�dw]lokd�ne�]�bntms]akx�hmzmhsdkx�fdmdq]sdc�fq]og�
]tsnl]shb�fqnto+�rn�ntq�duhcdmbd�itrshexhmf�sghr�lnchzb]shnm�hr�odqg]or�kdrr�bnmuhmbhmf-�
Vd�]cc�sgd�gxonsgdrhr�sg]s�F hr�zmhsdkx�fdmdq]sdc�hm�rdudq]k�rs]sdldmsr�adknv�nm�bntmsdq�
]mc�bnmsdws,rdmrhshud,fq]og�]tsnl]shb�fqntor-
Ehm]kkx�vd qdl]qj�sg]s�vd�jmnv�ne�mn�dw]lokdr�ne�B,fq]og�]tsnl]shb�fqntor�vghbg�

vd� b]m� oqnud� mns� sn� ad� fq]og� ]tsnl]shb-�Sghr� o]odq� %]mc� sgd� dw]lokdr�vd� oqdrdms�
hm� Rdbshnm 5 ]mc� hm� Y1[(� fqdv� nts� ne� ]m� ]ssdlos� sn� cdbhcd�vgdsgdq� dw]lokdr� rtbg� ]r
mnm,rnku]akd�A]tlrk]f•Rnkhs]q�fqntor�]mc�P-�Sgnlornm’r�fqnto�E ]qd�fq]og�]tsnl]shb�
nq�mns-

2-� Bntmsdp fpTog�TtsnlTshb�hlokhdr�onkxmnlhTk�shld�Tkfnphsgl�sn�bnlotsd�mnplTk�
enplr

Hm�sghr�rdbshnm�vd�dwsdmc�sgd�qdrtksr�ne�Dorsdhm�ds�]k- Y11+�Sgdnqdl 1-2-0/[ ]mc�Ig]q,
k]lonuhbg� ds ]k- Y0+�Sgdnqdl 7-0[ sn� rgnv� sg]s� enq� ]mx� zmhsdkx� fdmdq]sdc�Cj,fq]og�
]tsnl]shb�fqnto�sgdqd�hr�]m�]kfnqhsgl�sn�bnlotsd�mnql]k�enqlr�enq�fqnto�dkdldmsr�sg]s�
qtmr� hm� onkxmnlh]k� shld-�Pdb]kk� sg]s�Cj cdmnsdr� sgd� bk]rr� ne� k]mft]fdr� ]bbdosdc� ax�
]�mnm,cdsdqlhmhrshb+�pt]rh,qd]kshld+�mnm,akhmc�j,bntmsdq�]tsnl]snm:�sghr�bk]rr� hmbktcdr�
k]mft]fdr�]bbdosdc�ax�akhmc�]mc.nq�cdsdqlhmhrshb�j,bntmsdq�k]mft]fdr-
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Rgdnpdl�0.-�Ids�%F �V( ad�]�fqnto�]mc�ymhsd�rxlldsqhb�fdmdq]shmf�rds)�]mc�Λ ]�ymhsd�rds�
ne� rxlankr� rn� sg]s� %F �V �Λ( hr�Cj,fq]og�]tsnl]shb�vhsg�pt]rhfdncdrhb�mnql]k� enql K-�
Lnqdnudq)� ]rrtld� vd� ]qd� fhudm� n� ∈ V} ]mc� p ∈ K vhsg� n�;. p-� Sgdm� sgdqd� hr� ]m�
]kfnqhsgl�sg]s�nm�hmots�]�vnqc�v ; w0 , , , wm ∈ V})�bnlotsdr�t�∈ K vhsg�t ;. v)�vghbg�
qtmr�hm�shld�N%m1j)1(-

Lpnne- Vd�vhkk�fhud�]m�]kfnqhsgl�sg]s�nm� hmots�v ; w0w1 · · · wq ∈ V} bnlotsdr�t�∈ K

vgdqd�t ;. nv+�vghbg�qtmr�hm�shld�N%q1j)1(-�Ptmmhmf�sghr�]kfnqhsgl�nm�hmots�n−0 fhudr�
]�vnqc�μ�∈ K rn�sg]s�μ ;. d-�Sgd�zm]k�]kfnqhsgl� hr�nas]hmdc�vhsg�p ; μ ]mc�n�; d-�
Rhmbd�n−0 g]r�]�zwdc�kdmfsg+�]ookxhmf�sgd�]kfnqhsgl�sn�bnlotsd�μ s]jdr�bnmrs]ms�shld-
Enq�d]bg�w�∈ V kds�Lw ad�sgd�mnm,cdsdqlhmhrshb�j,bntmsdq�]tsnl]snm�]bbdoshmf�sgd�

k]mft]fd�\⊗%t �u(�{ t �u ∈ K u ;. tw| hm�pt]rh,qd]kshld-�Vd�adfhm�vhsg�]m�dmtldq]shnm�
ne�bnmrs]msr�vghbg�]ood]q�hm�sghr�]qftldms-

0- Kds�B ad�sgd�pt]rhfdncdrhb�mnql]k�enql�bnmrs]ms�enq K-
1- Kds�C ad�sgd�l]whltl�mtladq�ne�rs]sdr�hm�]mx�Lw-
2- Kds�D ad�sgd�l]whltl�nudq�]kk�Lw ne�sgd�hm,cdfqdd�nq�nts,cdfqdd�ne�]mx�udqsdw-
3- Kds� E ad� sgd�l]whltl� nudq� ]kk� Lw ne� sgd� bnmrs]ms� hm�Kdll] 1:� rn� nm� hmots� ne�
kdmfsg�m+�sgd�l]whltl�]arnktsd�u]ktd�ne�]mx�bntmsdq�hm�]mx�l]bghmd�Lw hr�E m-

4- Kds�H − 0 ad�sgd�l]whltl�mtladq�ne�bnmrdbtshud�ε dcfdr�sg]s�b]m�ad�qd]c�hm�]mx�
Lw-

5- Kds�O ; {n{N ad�sgd�kdmfsg�ne�sgd�vnqc�n�∈ V}-

Mnsd�sg]s�vd�qdpthqd�zmhsdkx�l]mx�fdmdq]snqr�sn�ft]q]msdd�sgd�dwhrsdmbd�ne�sgd�bnmrs]msr�
C �D ]mc�E -
Enq� d]bg� e� ∈ Y0 �m[+� kds� tc ∈ K ad� sgd� rsqhmf� rtbg� sg]s� tc ;. nw0 , , , wc+� ]mc� rds�

t/ ; p+�rn�t/ ;. n-�=rrtld�enq�hmctbshnm�sg]s�vd�g]ud�bnlotsdc�]mc�rsnqdc�tc hm�shld�
N%e1j(-�Rhmbd�t/ ; p hr�bnmrs]ms�kdmfsg+�sgd�bk]hl�hr�sqtd�enq�e�; /-�Vd�zmc�tc)0 hm�shld�
N%%e�) 0(1j)0( ]r�enkknvr-
Vqhsd� tc ; κ0 , , , κr ∈ K vhsg� κi ∈ Λ+� ]mc� mnsd� sg]s� rhmbd� tc ;. nw0 , , , wc vd�

g]ud�r�≤ B%O ) e�) 0(-�Kds�L ; LwH 0 ad�sgd�mnm,cdsdqlhmhrshb�j,bntmsdq�]tsnl]snm�
]bbdoshmf�⊗%tc �tc)0(-
Cdzmd�]�bnmyftq]shnm ne�L sn�ad�]�o]hq�%τ �0( vgdqd�τ hr�]�rs]sd�ne�L ]mc�0�∈ Nj

qdoqdrdmsr� sgd�u]ktd�ne�d]bg�bntmsdq-� He� τ/ hr� sgd� rs]qs� rs]sd� enq�L +� sgdm� %τ/ � ( hr� sgd�
rs]qs�bnmyftq]shnm vgdqd� �; %/ �, , ,  �/(-�Kds�%τ �0(∗ cdmnsd�]�bnmzftq]shnm�ne�L vghbg�
hr�nas]hmdc�ax�qd]chmf�]m�hmots�rsqhmf�ne�sgd�enql

∣
κ0
µ0

(
, , ,

∣
κk

µk

( ∣
κk)0

∗

(
, , ,

∣
κr

∗

(

vgdqd�µs ∈ Λ ]mc�k / r+�sg]s�hr+�sgd�kdmfsg�ne�sgd�rsqhmf�ne�rxlankr�hm�sgd�sno�bnnqchm]sd�
hr�rsqhbskx�knmfdq�sg]m�sgdm�kdmfsg�ne�sgd�rsqhmf�ne�rxlankr�hm�sgd�anssnl�bnnqchm]sd-
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He� x hr� ]� j,]qq]x� ne� bntmsdq� hmrsqtbshnmr� ]mc� 0 hr� ]� j,stokd� ne� bntmsdqr+� sgd� mns],
shnm�x%0( ld]mr� sgd� j,stokd� ne� bntmsdq� u]ktdr� ]esdq�x hr� ]ookhdc� sn� 0-� He� ω hr� ]�zmhsd�
o]sg� hm�L kds� Yω[x cdmnsd�sgd�o]sg�vhsg�]kk�sgd�bntmsdq� hmrsqtbshnmr�bnkkdbsdc�snfdsgdq�
]r x-
Vd�mnv�athkc ]�chqdbsdc�fq]og�D vhsg�udqshbdr�]mc�dcfdr�cdzmdc�qdbtqrhudkx�]r�enkknvr-�

Tdqshbdr�vhkk�ad�fqntodc�snfdsgdq�hm�rdsr�Ri+�]mc�dcfdr�hm�rdsr�Si -�Sgd�rds�Ri vhkk�bnmrhrs�
ne�]kk� bnmzftq]shnmr� sg]s� b]m�ad�nas]hmdc� eqnl� sgd� rs]qs� bnmzftq]shnm�ax� enkknvhmf�]�
o]sg� hm�L vghbg�bnms]hmr�dw]bskx�i dcfdr�mns� k]adkdc�ax�ε-�Enq�i ≤ r+�Ri hr�sgd�rds�ne�
bnmzftq]shnmr�ne�L sg]s�b]m�ad�nas]hmdc�ax�qd]chmf

∣
κ0
µ0

(
, , ,

∣
κi

µi

(

vgdqd�µs ∈ Λ∗-
Sgd�rds�R/ bnmrhrsr�ne�sgd�bnmzftq]shnm�%τ/ � (+�snfdsgdq�vhsg�]kk�bnmzftq]shnmr�sg]s�

b]m�ad�qd]bgdc�ax�qd]chmf�]�o]sg�k]adkdc�εj eqnl�sgd�rs]qs�rs]sd�hm�L -�Pdb]kk�sg]s�sgd�
mtladq� ne� bnmrdbtshud� ε sq]mrhshnmr� hr�antmcdc+� rn� sgd� rds� R/ b]m�ad� bnmrsqtbsdc�ax�
rd]qbghmf�]�antmcdc�mtladq�ne�o]sgr-�Oqdbhrdkx+�vd�ltrs�bgdbj�]s�lnrs

H−0⋂

j:0

Dj ; N
 
DH

(

o]sgr-
Fhudm�Ri vhsg�i / r+�vd�bnmrsqtbs�Ri)0 snfdsgdq�vhsg�sgd�rds�Si)0 ⊆ Ri × Ri)0 × Λ∗

ne�chqdbsdc�dcfdr�]r�enkknvr-

0- Hmhsh]kkx�rds�Ri)0 ; Si)0 ; ∅-
1- Enq� d]bg� %τ �0(� ∈ Ri ]mc� d]bg� o]sg� eqnl� τ sn� τ ↓ hm� L k]adkdc� Y

 κi 0
σ

(
εq[x vhsg�

µ ∈ Λ ]mc� x ]� j,]qq]x� ne� bntmsdq� hmrsqtbshnmr+� ]cc� %τ ↓ �x%0(( sn� Ri)0+� ]mc� ]cc�
%%τ �0( �%τ ↓ �x%0(( �µ( sn�Si)0-

2- Enq� d]bg� %τ �0(� ∈ Ri ]mc� d]bg� o]sg� eqnl� τ sn� τ ↓ hm� L k]adkdc� Y
 κi 0

∗
(

εq[x+� ]cc�
%τ ↓ �x%0((∗ sn�Ri)0+�]mc�]cc�%%τ �0( �%τ ↓ �x%0((∗ �∗( sn�Si)0-

3- Enq� d]bg� %τ �0(∗ ∈ Ri ]mc� d]bg�o]sg� eqnl� τ sn� τ ↓ hm� L k]adkdc� Y
 κi 0

∗
(

εq[x+� ]cc�
%τ ↓ �x%0((∗ sn�Ri)0+�]mc�]cc�%%τ �0(∗ �%τ ↓ �x%0((∗ �∗( sn�Si)0-

Rhmbd�sgd�mtladq�ne�bnmrdbtshud�ε sq]mrhshnmr�hm�L hr�]s�lnrs�H−0+�sg]s�hr+�/�≤ q ≤ H−0+�
sgd�bntmsdq�hmrsqtbshnmr�x ]anud�]qd�antmcdc-
=mx� bnmzftq]shnm� ]ood]qhmf� hm� Ri ]mc� Si hr� nmd� sg]s b]m� ad� qd]bgdc� ax� qd]chmf�

⊗%κ0 , , , κi  �u( enq�rnld�u ∈ Λ}
∗-�Hs�enkknvr�sg]s�sgd�rds�Rr ; R{tH{s bnms]hmr�]kk�onrrhakd�

bnmzftq]shnmr�ne L sg]s�b]m�ad�qd]bgdc�ax�qd]chmf�]mx�rsqhmf�⊗%tc �u( vgdqd�u ∈ Λ}
∗- He�
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Rr cndr�mns�bnms]hm�]�bnmzftq]shnm�%τX � ( nq�%τX � (∗ vgdqd�τX hr�]m�]bbdos�rs]sd�ne L +�
bnmshmtd�sn�bnmrsqtbs�rdsr�Ri)0 ]mc�Si)0 vhsg�i ≥ r ]r�enkknvr-

0- Pdlnud�]kk�dkdldmsr�ne�Rr ne�sgd�enql�%τ �0(∗-�= o]sg�sn�rtbg�]�bnmzftq]shnm�b]mmns�
ad�dwsdmcdc�sn�]m�]bbdos�bnmzftq]shnm-

1- Rds�i ; r-
2- Vghkd�Ri cndr�mns�bnms]hm�]�bnmzftq]shnm�%τX � ( vgdqd�τX hr�]m�]bbdos�rs]sd�ne�L 9
%]( Enq� d]bg� %τ �0(� ∈ Ri ]mc� d]bg�o]sg� eqnl� τ sn� τ ↓ hm� L k]adkdc� Yεq

 ∗
σ

(
[x vhsg�

µ ∈ Λ ]mc�x ]�j,]qq]x�ne�bntmsdq� hmrsqtbshnmr+�]cc�%τ ↓ �x%0(( sn�Ri)0+�]mc�]cc�
%%τ �0( �%τ ↓ �x%0(( �µ( sn�Si)0-

%a( Hmbqdldms�i ax�0-

Rhmbd�K hr�]�pt]rhfdncdrhb�mnql]k� enql� enq�F ]mc�tc)0 ;. nw0 , , , wc)0+� sgd� kdmfsg�ne�
tc)0 hr�antmcdc�ax�B%O ) e�) 1(-�Hs�enkknvr�sg]s�Ri vhkk�bnms]hm�]m�]bbdos�bnmzftq]shnm�
enq�rnld�i ≤ B%O ) e�) 1(+�]s�vghbg�onhms�sgd�knno�rsnor-
Sgd�shld�sn�bnmrsqtbs�]mc�rsnqd�sgd�rdsr�Ri)0 ]mc�Si)0 hr�bnlotsdc�]r�enkknvr-�Enq�

d]bg�bnmzftq]shnm�hm�Ri vd�bgdbj�]s�lnrs�DH o]sgr�ne�kdmfsg�]s�lnrs�H hm�L +�vgdqd�
H − 0 hr�sgd�l]whltl�mtladq�ne�bnmrdbtshud�ε dcfdr�sg]s�b]m�ad�qd]c+�]mc�D hr�sgd�
l]whltl�nts,cdfqdd-�Rn�sn�bnlotsd�]mc�rsnqd�Ri)0 ]mc�Si)0 s]jdr�shld�N%{Ri {DH(-
Kds�l�∈ N ad�sgd�lhmhl]k�u]ktd�rn�sg]s�r�≤ l�≤ B%O ) e�) 1( ]mc�Rl bnms]hmr�]m�

]bbdos�bnmzftq]shnm�%τX � ( nq�%τX � (∗ %hm�vghbg�b]rd�l�; r(-�=r�D hr�]�chqdbsdc�fq]og+�
sgdqd�hr�]�chqdbsdc�k]adkdc�o]sg�d0 , , , dl vgdqd�di ∈ Si eqnl�%τ/ � ( sn�%τX � ( nq�%τX � (∗+�
vghbg�b]m�ad entmc�ax�a]bjsq]bjhmf�sgqntfg�D+�rb]mmhmf�dcfdr�hm�Si enq�l�≥ i ≥ /-�Sgd�
shld�qdpthqdc�sn�qtm�sghr�a]bjsq]bjhmf�oqnbdrr�hr�]s�lnrs�N%

∑l
i:0 {Si {(-

Sgd� shld� qdpthqdc� sn�bnmrsqtbs�]mc� rsnqd� sgd� rdsr�Ri)0 ]mc�Si)0 enq�/�≤ i / l hr�
N%

⎟l−0
i:/ {Ri {DH(-�Hs�enkknvr�sg]s�sgd�sns]k�shld�bnlokdwhsx�enq�sgd�]kfnqhsgl�hr

N

}
l⋂

i:0
{Si {) DH

l−0⋂

i:/
{Ri {

(

; N

}
l⋂

i:0

 
{Si {) DH {Ri−0{

(
(

; N

}
l⋂

i:0
{Si {

(

rhmbd�{Ri−0{�≤ {Si {-
Sn� bnlokdsd� sgd�oqnne�vd� bnlotsd�

⎟l
i:0 {Si {-� He� %τ �0(� ∈ Ri sgdm� τ b]m�ad� nmd� ne�

C rs]sdr� hm�L + ]mc� d]bg� bntmsdq�g]r�]arnktsd�u]ktd�]s�lnrs�E i %rn�g]r�u]ktd� b vhsg�
−E i ≤ b�≤ Ei(+�rn�sgd�mtladq ne�onrrhakd�bnmzftq]shnmr�hr�C%1E i ) 0(j-�Vd�]krn�g]ud�
bnmzftq]shnmr�ne�sgd�enql�%τ �0(∗+�rn�{Ri {�≤ 1C%1E i ) 0(j-
=r�Si ⊆ Ri−0 × Ri × Λ∗ vd�g]ud

{Si { ≤ 1C
 
1E %i − 0( ) 0

(j · 1C%1E i ) 0(j ·
 
{Λ{) 0

(
≤ Vi1j

vgdqd�V ; V%C �E �j �{Λ{( hr�]�zwdc�bnmrs]ms-�Vd�]krn�g]ud�l�≤ B%O ) e�) 1(�; X e

vgdqd�X ; X %B �O ( hr�]�zwdc�bnmrs]ms-�Sgtr
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l⋂

i:0
{Si { ≤

l⋂

i:0
Vi1j ; V

l⋂

i:0
i1j ≤ V

l⋂

i:0
l1j ; Vl1j)0 ≤ V%X e(1j)0 ; Ye1j)0

vgdqd�Y ; VX 1j)0 ; Y%B �C �E �O �j �{Λ{( hr�]�zwdc�bnmrs]ms-
Sn�bnlotsd�tm vghbg�hr�sgd�mnql]k�enql�enq�nv+�vd�qdod]s�sghr�oqnbdctqd�enq�e�∈ Y0 �m[

rn�sgd�sns]k�shld�bnlokdwhsx�hr�
⎟m

c:0 Ye1j)0 ≤ Ym1j)1- �

3-� Bnmsdws rdmrhshud fpTog�TtsnlTshb�fpntor

Pdb]kk�sg]s�]�khmd]q�antmcdc�]tsnl]snm�hr�]�Stqhmf�l]bghmd�snfdsgdq�vhsg�]�bnmrs]ms�
C rn�sg]s�nm� hmots�]�vnqc�v ne� kdmfsg�m+�sgd�mtladq�ne�rpt]qdr�nm�sgd�s]od�trdc� enq�
]mx�nodq]shnm� hmunkuhmf�v hr�Cm-�Sgd�qd]c,gd]c ne�sgd�Stqhmf�l]bghmd� hr�]�onhmsdq�sn�
]�o]qshbtk]q�rpt]qd�ne�sgd�s]od-�= lnud�ne�sgd�Stqhmf�l]bghmd�b]m� hmunkud�qd]chmf�sgd�
kdssdq�]s�sgd�onrhshnm�ne�sgd�qd]c,gd]c+�vqhshmf�sn�sghr�onrhshnm+�nq�lnuhmf�sgd�qd]c,gd]c�
nmd�rpt]qd�sn�sgd�kdes�nq�qhfgs-�= kdssdq�vqhssdm�nm�sgd�s]od�b]m�ad�l]qidc ax�nudqvqhshmf�
hs�vhsg�]m�]mmns]sdc�udqrhnm�ne� sgd� kdssdq –� enq�dw]lokd� sgd� kdssdq Z b]m�ad� qdok]bdc�
ax Ẑ-
=�k]mft]fd�hr�bnmsdws,rdmrhshud�he�hs�hr�]bbdosdc�ax�]�khmd]q�antmcdc�]tsnl]snm+�]mc�

cdsdqlhmhrshb�bnmsdws,rdmrhshud+�nq�CBL+�he�sgd�khmd]q�antmcdc�]tsnl]snm�hr�cdsdqlhmhrshb-�
Mnsd� sg]s�gdqd�vd�]kknv�bnmsdms,rdmrhshud� k]mft]fdr� sn� hmbktcd� sgd�dlosx� rsqhmf –� hm�
rnld� tr]fdr� bnmsdws,rdmrhshud� k]mft]fdr� ]qd� cdzmdc�vhsgnts� sghr+� hm� o]qshbtk]q�vgdm�
cdzmdc�uh]�]�fq]ll]q� hm�vghbg� sgd� qhfgs,g]mc� rhcdr�ne�oqnctbshnm� qtkdr�]qd� qdpthqdc�
sn�g]ud�onrhshud� kdmfsg-�Mnsd�]krn�sg]s� hr� hs�mns�jmnvm� he�sgd�bk]rr�ne�cdsdqlhmhrshb�]mc�
mnm,cdsdqlhmhrshb khmd]q�ro]bd�k]mft]fdr�]qd�chrshmbs-
Rg]ohqn� Y1/[ ]mc�K]jhm� ]mc�Sgnl]r� Y14+15[ bnmrhcdq� fqntor�vhsg� bnmsdws,rdmrhshud�

vnqc� oqnakdl-� Rg]ohqn� rgnvdc� sg]s� ]mx� zmhsdkx� fdmdq]sdc� rtafqnto� ne� ]m� ]tsnl]shb�
fqnto�g]r�CBL vnqc�oqnakdl+�]mc�K]jhm�]mc�Sgnl]r�oqnudc� rdudq]k� bknrtqd�oqnodq,
shdr-
Hm�sghr�rdbshnm�vd�bnmrhcdq�sgd�bk]rr�ne�CBL,fq]og�]tsnl]shb�fqntor-�Vd�rgnv�sg]s�

he�]�zmhsdkx�fdmdq]sdc�fqnto�F g]r�]�CBL,fq]og�]tsnl]shb�rsqtbstqd�vhsg�pt]rhfdncdrhb�
mnql]k� enql+� sgdm� hsr�vnqc�oqnakdl� hm� rnku]akd� hm�cdsdqlhmhrshb� khmd]q� ro]bd-�Vd�]krn�
oqnud�sg]s� he�]�zmhsdkx�fdmdq]sdc�fqnto�F g]r�cdsdqlhmhrshb� khmd]q�ro]bd�vnqc�oqnakdl�
sgdm�hs�g]r�]�CBL,ah]tsnl]shb�rsqtbstqd�%vhsg�mn�rxlank�]kog]ads�mddcdc(�vhsg�fdncdrhb�
mnql]k�enql�k]mft]fd-
Vd�rs]qs�vhsg�]�rhlokd�rtaqntshmd�sn�dmtldq]sd�rsqhmfr�nudq�]m�nqcdqdc�]kog]ads�hm�

Rgnqskdw�nqcdq-�Pdb]kk� sg]s� enq�]�zmhsd� sns]kkx�nqcdqdc�zmhsd� rds� Λ+� sgd�Rgnqskdw� nqcdq
nm Λ} hr�cdzmdc�]r�enkknvr9�enq�t �u ∈ Λ}+�t�/RJ u he

” {t{y / {u{y+�nq
” {t{y ; {u{y+�t�; nλct

↓ �u ; nλiu↓ vhsg�λc / λi ]mc�n �t↓ �u↓ ∈ Λ}-
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9kfnphsgl�0� Rgnqskdw�rtaqntshmd(-�Kds�Σ ad�]�zmhsd�sns]kkx�nqcdqdc�rds+�  �# svn�rxlankr�
mns�hm�Σ+�]mc�µ/ �µq ∈ Σ rtbg�sg]s�#�/ µ/ ≤ µ ≤ µq enq�]kk�µ ∈ Σ-�Kds�u ; u0 , , , uj ∈ Σ}+�
]mc�]rrtld� u# hr�vqhssdm�nm�sgd�s]od�ne�]�khmd]q�antmcdc�]tsnl]snm-�Sgdm�sgd�mdws�
rsqhmf�hm�Rgnqskdw�nqcdq�b]m�ad�entmc�]mc�nudqvqhssdm�nm�sgd�s]od�trhmf�ro]bd�j ) 1 ]r�
enkknvr-

0- Lnud�sgd�qd]c,gd]c�sn�sgd�k]rs�kdssdq�ne�u %adenqd�sgd�# rxlank(+�]mc�rds�]�annkd]m�
u]qh]akd  ned sn�ad�e]krd-

1- Vghkd�mns  ned9
%]( He�sgd�kdssdq�]s�sgd�qd]c,gd]c�onrhshnm�hr�µq+�lnud�sgd�qd]c,gd]c�nmd�onrhshnm�sn�

sgd�kdes-
%a( He� sgd� qd]c,gd]c�onhmsr� sn� +� sgd� bnmsdmsr�ne� sgd� s]od�ltrs�ad� µj

q#-� Hm� sghr�
b]rd�nudqvqhsd�sgd�s]od�ax� µj)0

/ %bnmrtlhmf�sgd�# rxlank(�]mc�rds  ned sn�ad�
sqtd-

%b( Dkrd�sgd� kdssdq�]s�sgd�qd]c,gd]c�onrhshnm� hr�uc ∈ Σ vhsg�uc / µq-�Sgd�bnmsdmsr�
ne� s]od�]qd� u0 , , , uc−0ucµ

j−c
q #-�Kds�u}c ∈ Σ ad� rtbg� sg]s�uc / u}c ]mc�µ ≤ u}c

hlokhdr�µ ≤ uc-� Hm� sghr�b]rd�nudqvqhsd� sgd� s]od�ax� u0 , , , uc−0u
}
c µj−c
/ # ]mc� rds

 ned sn�ad�sqtd-

Mnsd�sg]s�sgd�rtaqntshmd�vqhsdr�dhsgdq� u↓# nq� u↓↓ sn�sgd�s]od+�vgdqd� {u↓{Σ ; {u{Σ
]mc� {u↓↓{Σ ; {u{Σ ) 0-� He�nmd� hfmnqdr� sgd�  �# rxlankr� sgdm� sgd�]kfnqhsgl�nm� hmots� u

qdstqmr�sgd�mdws�rsqhmf�hm�Rgnqskdw�nqcdq�hm Σ}-

Lpnonrhshnm�00-�Ids�F ad�]�fqnto�vhsg�ymhsd�rxlldsqhb�fdmdq]shmf�rds�V-�He�%F �V( g]r�
CBL vnqc�oqnakdl�sgdm�%F �V( hr�CBL,ah]tsnl]shb)�vhsg�mnql]k�enql�sgd�rds�ne�Rgnqskdw�
fdncdrhbr�nudq�V-

Lpnne- =rrtld�sgd�vnqc�oqnakdl�]kfnqhsgl�enq�%F �V( qtmr�]r�enkknvr-�Nm�hmots�t�∈ V}

vqhssdm�nm�]�nmd,dmcdc�s]od+�sgd�]kfnqhsgl�qdstqmr�xdr he�t hr�sqhuh]k�]mc�mn nsgdqvhrd+�
]mc�qdstqmr�]�ak]mj�s]od+�trhmf�]s�lnrs�C{t{ ro]bd-
Ehw�]m�nqcdq�nm�sgd�fdmdq]snqr�vhsg�w/ sgd�rl]kkdrs�]mc�wq sgd�k]qfdrs+�]mc�kds�K ad�

sgd�rds�ne�Rgnqskdw�fdncdrhb�vnqcr�enq�F vhsg�qdrodbs�sn�sghr�nqcdq-�Ax�Cdzmhshnm 8 vd�
ltrs�rgnv�sg]s�K ]mc�sgd�k]mft]fdr�\⊗%t �u(�{ t �u ∈ K �u ; wt| ]mc�\⊗%t �u(�{ t �u ∈ K 

u ; tw| enq�d]bg�w�∈ V ]qd�CBL-�Kds�# ad�]�rxlank�mns�hm�V+�]mc�rds�#�/ w/-
Cdzmd�]�cdsdqlhmhrshb�khmd]q�antmcdc�]tsnl]snm�sn�]bbdos�K ]r�enkknvr-�=rrtld�sg]s�

$ �  �# ]qd�chrshmbs�rxlankr�mns�hm�V-�Nm�hmots�t�∈ V} ne�kdmfsg�m9

0- Vqhsd�$t %#(m)0 nm�sgd�s]od�]mc�rds  ned sn�ad�e]krd-
1- Vghkd�mns  ned9
%]( Rds�u sn�ad�sgd�vnqc�nm�sgd�s]od�adsvddm� ]mc�sgd�zqrs�# rxlank-
%a( Rb]m�sgd�s]od�sn�bgdbj� he�t ]mc�u ]qd� hcdmshb]k�]r�rsqhmfr-�He�sgdx�]qd+�]bbdos�t

]mc�rds  ned sn�ad�sqtd-
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%b( Dkrd�vqhsd�tu−0 sn�sgd� kdes�ne�sgd�$ rxlank-�B]kk�sgd�vnqc�oqnakdl�]kfnqhsgl�
nm�sgd�nmd,dmcdc�s]od�sn�sgd�kdes�ne�sgd�$ rxlank-�He�hs�qdstqmr�xdr+�qdidbs�t ]mc�
rds  ned sn�ad�sqtd-2

%c( Dkrd�qtm�sgd�Rgnqskdw�rtaqntshmd�%=kfnqhsgl 0(�sn�nudqvqhsd u ax�sgd�mdws�vnqc�
hm�Rgnqskdw�nqcdq-

Sgd� ]kfnqhsgl� qtmr ]r� enkknvr-�Sn� rs]qs�vd� g]ud� u ; ε-� He� t�; u sgdm� sgd� dlosx�
rsqhmf�hr�]bbdosdc�rhmbd�hs�hr�sgd�Rgnqskdw�fdncdrhb�enq�sgd�hcdmshsx-�He�mns�vd�nudqvqhsd�u
vhsg�sgd�mdws�vnqc�hm�Rgnqskdw�nqcdq+�]mc�bnlo]qd�sn�t-�Vd�hsdq]sd�sgd�knno�tmshk�dhsgdq�
sgd� bnmsdmsr�ne� sgd� s]od�]qd�$t t#+�nq�vd�zmc�]�vnqc� u sg]s� dpt]kr� t hm� sgd�fqnto�
]mc� hr�rgnqsdq� hm�Rgnqskdw�nqcdq-�=s�]mx�shld�sgd�s]od�bnms]hmr�]s�lnrs�3m�) 2 kdssdqr+�
]mc�qtmmhmf�sgd�vnqc�oqnakdl�]kfnqhsgl�s]jdr�ro]bd�]s�lnrs�C{tu−0{�≤ C%1m(+�rn�]kk�
snfdsgdq�sgd�ro]bd�qdpthqdc�hr�1Cm�) 3m�) 2-
Sgd�enkknvhmf�]kfnqhsgl�]bbdosr

)
⊗%t u(

}} t u ∈ K u ; wt
{  

qdrodbshudkx
)

⊗%t u(
}} t u ∈ K u ; wt

{(

enq�w�∈ V9�Nm�hmots�⊗%t �u(+

0- qtm�sgd�oqdbdchmf�]kfnqhsgl�nm�t sn�bgdbj�he�t�∈ K:
1- qtm�sgd�oqdbdchmf�]kfnqhsgl�nm�u sn�bgdbj�he�u ∈ K:
2- b]kk�sgd�khmd]q�ro]bd�vnqc�oqnakdl�]kfnqhsgl�nm�twu−0 %qdrodbshudkx+�wtu−0(- �

Mnsd�sg]s�sgdqd�]qd�rtafqntor�ne�E1 × E1 vhsg�tmrnku]akd�bnmitf]bx�oqnakdl�Y16+17[+�
vghbg�ax� Y1/[ g]ud�CBL vnqc�oqnakdl�]mc� sgdqdenqd�]qd�CBL,ah]tsnl]shb-� Hs� enkknvr�
sg]s�CBL,ah]tsnl]shb�cndr�mns� hlokx� rnku]akd� bnmitf]bx�oqnakdl+� hm� bnmsq]rs� sn� sgd�
fq]og�ah]tsnl]shb�b]rd�Y0+� Sgdnqdl 7-4[-
Mdws�vd�rgnv�sg]s�CBL,fq]og�]tsnl]shb�fqntor�vhsg�pt]rhfdncdrhb�mnql]k�enql�g]ud�

cdsdqlhmhrshb�khmd]q�ro]bd�vnqc�oqnakdl-

Lpnonrhshnm� 01-� Ids� %F �V( ad� ]� fqnto� vhsg� ymhsd� rxlldsqhb� fdmdq]shmf� rds)� ]mc� Λ ]�
ymhsd�rds�ne�rxlankr�rn�sg]s�%F �V �Λ( hr�]�CBL,fq]og�]tsnl]shb�fqnto�vhsg�pt]rhfdncdrhb�
mnql]k�enql�K�± Λ}-�;cchshnm]kkx)�rtoonrd�vd�]qd�fhudm�n�∈ V} ]mc�p ∈ K vhsg�n�;. p-�
Sgdm� sgdqd� hr�]m�]kfnqhsgl� sg]s)�nm� hmots�]�vnqc�v ; w0 , , , wm ∈ V})�bnlotsdr t�∈ K

vhsg�t ;. v ]mc�qtmr�hm�ro]bd�N%m(-

Lpnne- Vd�zqrs�fhud�sgd�]kfnqhsgl�sg]s�nm�hmots�v ∈ V} bnlotsdr�t�∈ K vgdqd�t ;. nv-�
Ptmmhmf� sghr� ]kfnqhsgl� nm� hmots� n−0 fhudr� ]�vnqc� μ� ∈ K enq� sgd� hcdmshsx- Sgd� zm]k�

2 Sgd�bnmsdmsr�ne�sgd�s]od�]esdq�sghr�rsdo�]qd�$t u%#(H vhsg�{u{s ) c�: m�) 0-
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]kfnqhsgl� hr�nas]hmdc�vhsg�p ; μ ]mc�n�; d-�Rhmbd�n−0 g]r�]�zwdc� kdmfsg� sgd� rsdo� sn�
bnlotsd�μ s]jdr�bnmrs]ms�ro]bd-
Enq�d]bg�w�∈ V kds�Kw ad�sgd�CBL k]mft]fd�\⊗%t �u(�{ t �u ∈ K u ;. tw|-�Vd�adfhm�

vhsg�]m�dmtldq]shnm�ne�bnmrs]msr�vghbg�]ood]q�hm�sghr�]qftldms-

0- Kds�A ad�]�bnmrs]ms� rn� sg]s� enq�]mx�w�∈ V sgd� ro]bd�trdc�ax� sgd� khmd]q�antmcdc�
]tsnl]snm�]bbdoshmf�Kw nm�hmots�ne�kdmfsg�m hr�Am-

1- Kds�B ad�sgd�pt]rhfdncdrhb�mnql]k�enql�bnmrs]ms�enq K-
2- Kds�O ; {n{N ad�sgd�kdmfsg�ne�sgd�vnqc�n�∈ V}-

Mnsd� sg]s�vd� qdpthqd�zmhsdkx�l]mx� fdmdq]snqr� sn� ft]q]msdd� sgd� dwhrsdmbd� ne� sgd� bnm,
rs]ms A-
Kds�v ; w0 , , , wm ∈ V} ad� sgd� hmots�vnqc+�]mc�cdzmd�v/ ; n+�vc ; nw0 , , , wc enq�

e�∈ Y0 �m[ �e�∈ N+�]mc�kds�tc ∈ K ad�rtbg�sg]s�tc ;. vc-�Mnsd�sg]s�t/ ; p+�]mc�enq�d]bg e

sgd� kdmfsg�ne�tc hr�]s�lnrs�B%O ) e�) 0(-�Kds� ad�]� rxlank�mns� hm Λ-�Cdzmd�]� sns]k�
nqcdq�nm�sgd�%zmhsd(�rds Λ-
Vd�bnlotsd�sgd�mnql]k� enql�vnqc�qdoqdrdmshmf v ]r� enkknvr-�Vqhsd�v t/ nm�sgd�

s]od+�l]qjhmf�sgd�zqrs� kdssdq�ne v-�Sghr�trdr�ro]bd�]s�lnrs�m�) 1�) B%O ) 0(-�=rrtld�
enq�hmctbshnm�sg]s�vd�g]ud�vqhssdm�v tc nm�sgd�s]od�enq�e�/ m+�]mc�l]qjdc�sgd�kdssdq�
]s�onrhshnm�e�) 0 hm�v+�trhmf�ro]bd�]s�lnrs�C%m(�; m�) 1�) %A ) 1(B%O ) m�) 0(-
Ehmc�tc)0 ]r�enkknvr-

0- Rds  ned sn�ad�e]krd-
1- Kds�u cdmnsd�sgd�rsqhmf�ne�rxlankr�sn�sgd�qhfgs�ne�sgd�k]rs� nm�sgd�s]od-�Sn�adfhm�
vd�g]ud�u ; ε-

2- Vghkd�mns  ned9
%]( Ptm�sgd�cdsdqlhmhrshb�khmd]q�ro]bd�]kfnqhsgl�sg]s�]bbdosr�KwH 0 nm�⊗%tc �u(-�Mnsd�

sg]s� sgd� kdmfsg�ne� sgd� hmots� sn� sghr� rtaqntshmd� hr�]s�lnrs�B%O ) m�) 0( rhmbd�
K hr�pt]rhfdncdrhb�]mc�tc �tc)0 qdoqdrdms�vnqcr�ne�fdncdrhb�kdmfsg�]s�lnrs m-�Hs�
enkknvr�sg]s�sgd�ro]bd�mddcdc�enq�sghr�rsdo�hr�]s�lnrs�AB%O ) m�) 0(-
h- He�sgd�rtaqntshmd�qdstqmr�sqtd+�sgdm�vd�g]ud�entmc�u ; tc)0-�Rds  ned sn�ad�
sqtd-

hh- Dkrd� qtm� sgd�Rgnqskdw� rtaqntshmd� %=kfnqhsgl 0(� sn�nudqvqhsd�u ax� sgd�mdws�
vnqc�hm�Rgnqskdw�nqcdq-

He�e�)0�/ m+�qdvqhsd�sgd�s]od�]r�v tc)0 ]mc�l]qj�sgd�kdssdq�]s�onrhshnm�e�)1 ne v-�
He e) 0 ; m+ sgd vnqc tm hr sgd qdpthqdc mnql]k enql vnqc enq v-

Rhmbd�vd�jmnv� sgdqd� hr� rnld� rsqhmf� tc)0 ne� kdmfsg�]s�lnrs� B%O ) e�) 1( sgdm� sghr�
]kfnqhsgl�ltrs� sdqlhm]sd-�Lnqdnudq+� sgd� ]lntms� ne� ro]bd� trdc� nm� sgd� s]od� sn� rsnqd�
v tc u hr�antmcdc�ax�m�)1�)1B%O )m�)0(+�]r�sgd�kdmfsg�ne�v  hr�m�)1+�]mc�{tc{ �{u{
]qd�]s�lnrs�B%O ) m�) 0(-�Sgd�ro]bd�trdc�sn�qtm�sgd�rtaqntshmd�nm�⊗%tc �u( hr�antmcdc�
ax�AB%O ) m�) 0(+�rn�hm�sns]k�sgd�]lntms�ne�ro]bd�qdpthqdc�hr�]s�lnrs�C%m(- �
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Bnlahmhmf�sgdrd�svn�oqnonrhshnmr�vd�nas]hm�sgd�enkknvhmf-

Rgdnpdl�02-�Sgd�enkknvhmf�bk]rrdr�ne�fqntor�bnhmbhcd8

0- ymhsdkx�fdmdq]sdc�CBL,fq]og�]tsnl]shb�fqntor�vhsg�pt]rhfdncdrhb�mnql]k�enql:
1- ymhsdkx�fdmdq]sdc�CBL,ah]tsnl]shb�fqntor�vhsg�Rgnqskdw�fdncdrhb�mnql]k�enql:
2- ymhsdkx�fdmdq]sdc�fqntor�vhsg�CBL vnqc�oqnakdl-

Sgd� bk]rr� ne� rtbg� fqntor� hr� udqx� k]qfd –� fqntor�vhsg�CBL vnqc� oqnakdl� hmbktcd�
]kk� khmd]q� fqntor� Y18[+� knfro]bd� dladcc]akd fqntor� rstchdc� ax� sgd� zqrs� ]tsgnq+�Dkrsnm
]mc�Nrsgdhldq� Y2/[+� ]mc� ]kk� zmhsdkx� fdmdq]sdc� rtafqntor� ne� ]tsnl]shb� fqntor� Y1/[-� Hs�
]krn� hmbktcdr� sgd�bn,hmcdwdc�]mc�bn,bnmsdws� eqdd�fqntor�]r�cdrbqhadc� hm� Y20•22[-�Sgdrd�
fqntor�g]ud�bn,vnqc�oqnakdlr�]bbdosdc�ax�mnm,cdsdqlhmhrshb�otrgcnvm�nq�mdrsdc,rs]bj�
]tsnl]s]+�vghbg�b]m�ad� rhltk]sdc�ax�cdsdqlhmhrshb� khmd]q�antmcdc�]tsnl]s]� rhmbd�]r�
cdrbqhadc� hm�sgdrd�]qshbkdr+�sgd�mnm,cdsdqlhmhrl� hr�bnmzmdc�sn�]m� hmhsh]k�ftdrrhmf�rsdo-�
Hs� enkknvr� sg]s� sgd�vnqc�oqnakdl� enq� sgdrd� fqntor� hr� ]bbdosdc�ax� sgd� r]ld�cdsdqlhm,
hrshb� khmd]q� antmcdc� ]tsnl]s]-�Sgdrd� bk]rrdr� hmbktcd� sgd�Ghfl]m•Sgnlornm� fqntor+�
Sgnlornm’r�fqnto T +�Gntfgsnm’r�fqntor+�]mc�sgd�Fqhfnqbgtj�fqnto-
Mnsd�sg]s�sgd�mtladq�ne�bnmzftq]shnmr�ne�]�khmd]q�antmcdc�]tsnl]snm�hr�dwonmdmsh]k�

hm�sgd�kdmfsg�ne�sgd�hmots�rsqhmf+�rn�sgd�shld�bnlokdwhsx�ne�bnlotshmf�sgd�mnql]k�enql�ne�
]�vnqc�hm�]�CBL,ah]tsnl]shb�fqnto�hr�]s�lnrs�dwonmdmsh]k-�Sgd�mdws�dw]lokd�rgnvr�sg]s�
]�onkxmnlh]k�shld�]kfnqhsgl�sn�bnlotsd�mnql]k� enqlr�ne�CBL,ah]tsnl]shb�rsqtbstqdr�
rddlr�tmkhjdkx�sn�dwhrs-
Kds� F�; N1 ‖ N1-�Ax� Y2/+�Sgdnqdl 03[ sgd�vnqc�oqnakdl� enq� F hr� hm�cdsdqlhmhrshb�

knfro]bd�]mc�sgdqdenqd�cdsdqlhmhrshb�khmd]q�ro]bd+�rn�hs�enkknvr�eqnl�Oqnonrhshnm 00 sg]s�
%F �V( hr�CBL,ah]tsnl]shb�vhsg�Rgnqskdw�fdncdrhb�mnql]k�enql+�vgdqd�V hr�sgd�rs]mc]qc�
fdmdq]shmf�rds-�Sgd�antmcdc�fdncdrhb�kdmfsg�oqnakdl %rdd�Y23+24[(�enq�]�fqnto�F vhsg�zmhsd�
fdmdq]shmf�rds�V hr�sgd�enkknvhmf9

Lpnakdl 0� Antmcdc�fdncdrhb�kdmfsg�oqnakdl(-�Nm�hmots�]m�hmsdfdq�j ]mc�]�rsqhmf�v ∈ V}+�
cdbhcd�he�sgd�fdncdrhb�kdmfsg�ne�v hr�kdrr�sg]m�j-

Rtoonrd�nmd�bntkc�oqnud�sg]s�]�CBL,fq]og�]tsnl]shb�rsqtbstqd�vhsg�pt]rhfdncdrhb�
mnql]k� enql� enq� ]�zmhsdkx� fdmdq]sdc� fqnto� hlokhdc� ]�onkxmnlh]k� shld� ]kfnqhsgl� sg]s�
nm� hmots�]�rsqhmf�ne�fdmdq]snqr�bnlotsdr�sgd�mnql]k�enql-�Sgdm�ax�Oqnonrhshnm 00 vd�
l]x�]rrtld� sgd�fqnto�g]r�]�CBL,ah]tsnl]shb� rsqtbstqd�vhsg�mnql]k� enql� sgd� rds�ne�
]kk�Rgnqskdw�fdncdrhbr-�O]qqx� Y25[ oqnudc�sg]s�sgd�antmcdc�fdncdrhb� kdmfsg�oqnakdl�enq�
N1 ‖N1 hr�MO,bnlokdsd- Rn�he�rtbg�]m�]kfnqhsgl�bntkc�ad�bnmrsqtbsdc�sn�qtm�hm�onkxmnlh]k�
shld+�vd�vntkc�g]ud�O ; MO-
=�rdbnmc�dw]lokd�hr�sgd�bk]rr�ne�eqdd�lds]adkh]m�fqntor –�Rudsk]�T]rrhkdu]�g]r�rgnvm�

sgdx� g]ud� mnql]k� enqlr� %]mc� gdmbd�vnqc� oqnakdl(� bnlots]akd� hm� knfro]bd� Y26[+� ]mc�
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Lh]rmhjnu� ds ]k- Y24[ oqnudc� sgd�antmcdc�fdncdrhb� kdmfsg�oqnakdl� enq� sgdrd�fqntor� hr
MO,bnlokdsd-

4-� Bknrtpd�opnodpshdr

Hm� sghr� rdbshnm�vd� rgnv� sg]s�tmcdq� bdqs]hm� bnmchshnmr�B,fq]og�]tsnl]shbhsx� hr�oqd,
rdqudc�tmcdq� bg]mfd� ne� fqnto� fdmdq]shmf� rds+�chqdbs� ]mc� eqdd�oqnctbs-�Pdb]kk� sg]s�ax�
Kdll] 4 sgd� enkknvhmf�bk]rrdr�]qd�bknrdc�tmcdq� hmsdqrdbshnm�vhsg�qdftk]q� k]mft]fdr+�z,
mhsd�hmsdqrdbshnm+�ε,eqdd�gnlnlnqoghrl+�]mc�hmudqrd�gnlnlnqoghrl9�qdftk]q�k]mft]fdr+�
 j+�Cj+�onkx,bnmsdws�eqdd�k]mft]fdr+�bnmsdws,rdmrhshud�k]mft]fdr-�Lnqdnudq�sgdrd�bk]rrdr�
]kk�bnms]hm�sgd�bk]rr�ne�qdftk]q�k]mft]fdr-

IdllT�03� Bg]mfd�ne�fdmdq]snqr(-�Ids�F ad�]�fqnto�vhsg�svn�rxlldsqhb�fdmdq]shmf�rdsr�
V ]mc� X )� Λ ]� ymhsd� ]kog]ads)� ]mc� kds� B ad� ]� bk]rr� ne� enql]k� k]mft]fdr� sg]s� hr� bknrdc�
tmcdq�ymhsd� hmsdqrdbshnm�]mc� hmudqrd�gnlnlnqoghrl)�]mc�bnms]hmr� sgd�bk]rr�ne� qdftk]q�
k]mft]fdr-�He�%F �V �Λ( hr�B,fq]og�]tsnl]shb)�sgdm�%F �X �Λ( hr�B,fq]og�]tsnl]shb-

Lpnne- Rhmbd�vd� b]m� trd� sgd� r]ld� k]mft]fd� K� ⊆ Λ} enq� %F �X �Λ( ]r� enq� %F �V �Λ(+� hs�
rtffbdr�sn�rgnv�sg]s�d]bg�k]mft]fd�Kx khdr�hm�sgd�bk]rr B-
Kds�X0 ⊆ X ad� sgd� rds�ne�fdmdq]snqr� sg]s�cn�mns� dpt]k� sgd� hcdmshsx� hm�F-�Enq� d]bg�

x ∈ X0+�bgnnrd�tx ∈ V) rtbg�sg]s�tx ;. x-�Ehw�x ∈ X0 ]mc�rtoonrd�tx ; w0 , , , wj vhsg�
wc ∈ V-�Bnmrhcdq�bnmunktshnmr�ne�j ) 0 rsqhmfr�uc ∈ K

⊗%u/ u0 u1 , , ,  uj(

rn�sg]s�uc ;. uc−0wc enq�0�≤ e�≤ j-�Kds�O ad�sgd�k]mft]fd�ne�]kk�rtbg�bnmunktshnmr-
Enq�d]bg�wc ]ood]qhmf�hm�tx cdzmd�]�k]mft]fd�>c ne�bnmunktshnmr�ne�j)0 rsqhmfr�nudq�

Λ vgdqd�qnvr�e ]mc�e�)0 bnqqdronmc�sn�sgd�k]mft]fd�KwH +�]mc�]kk�nsgdq�qnvr�b]m�ad�]mx�
vnqcr�hm�Λ}-�Sgdm�>c hr�sgd�hmudqrd�hl]fd�ne�KwH tmcdq�sgd�gnlnlnqoghrl�vghbg�rdmcr�
⊗%u/ �, , ,  �uj( sn�⊗%uc−0 �uc(-
Sgdm�

⋃j
c:0>c hr�hm�B rhmbd�sgd�bk]rr�hr�bknrdc�tmcdq�zmhsd�hmsdqrdbshnm-

Ehm]kkx�bnmrhcdq�sgd�ε,eqdd�gnlnlnqoghrl�eqnl�
⋃j

c:0>c sn�⊗%K �K( cdzmdc�ax

⊗%u/ u0 u1 , , ,  uj( 0· ⊗%u/ uj(,

Rhmbd�x hr�]rrtldc�sn�ad�mnm,sqhuh]k+�sgd�hl]fd�sghr�l]o�hr�ft]q]msddc�sn�ad�ε,eqdd-�Sgd�
k]mft]fd�Kx hr�sgd�hl]fd�ne�

⋃j
c:0>c tmcdq�sghr�gnlnlnqoghrl+�rn�hr�hm B-

Sn�bnlokdsd�sgd�oqnne+�vd�ltrs�bnmrhcdq�sgd�b]rd�sg]s�X bnms]hmr�fdmdq]snqr�x sg]s�
dpt]k�sgd�hcdmshsx�dkdldms-�Hm�sghr�b]rd�Kx ; \⊗%t �t(�{ t�∈ K| vghbg�hr�qdftk]q+�]mc�rn�
ax�]rrtloshnm�hm�B- �

Mnsd�sg]s�sgd�kdll]�gnkcr�vgdm�nmd�nq�ansg�ne�V ]mc�X ]qd�bntms]akx�hmzmhsd+�rhmbd�
enq�d]bg�x ∈ X sgd�vnqc�tx hr�]�zmhsd�rsqhmf�ne�kdssdqr�hm�V-
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IdllT�04� Chqdbs�oqnctbs(-�Ids�F ]mc�G ad�fqntor�vhsg�rxlldsqhb�fdmdq]shmf�rdsr�V
]mc X ) qdrodbshudkx)�Λ ]mc�z ymhsd�]kog]adsr)�]mc� kds�B ad�]�bk]rr�ne� enql]k� k]mft]fdr�
sg]s� hr�bknrdc�tmcdq� hmsdqrdbshnm�vhsg� qdftk]q� k]mft]fdr)�ymhsd� hmsdqrdbshnm�]mc� hmudqrd�
gnlnlnqoghrl-�He�%F �V �Λ( ]mc�%G �X �z ( ]qd�B,fq]og�]tsnl]shb)�sgdm�sgd�fqnto�F�× G

hr�B,fq]og�]tsnl]shb-

Lpnne- =rrtld�Λ ]mc�z ]qd�chrinhms-�Kds�K. ± Λ} ]mc�KG ± z } cdmnsd�sgd�k]mft]fdr�
ne mnql]k enqlr enq d]bg fqnto+ ]mc Y ; \%w 0G( %0. x( { w ∈ V x ∈ X | ] fdmdq]shmf
rds�enq�F�× G -�Cdzmd�]�mnql]k�enql�K�; ⊗%K. �KG( enq�F�× G -
Sgd�k]mft]fd�⊗%K. �z }( hr�sgd�hmudqrd�hl]fd�ne�sgd�gnlnlnqoghrl�eqnl�⊗%K. �z }(

sn�K. vghbg�rdmcr�⊗%t �u( sn�t+�]mc�rhlhk]qkx�enq�⊗%Λ} �KG(-�Sgdm�K hr�sgd�hmsdqrdbshnm�
ne�sgdrd�k]mft]fdr�]mc�gdmbd�khdr�hm�sgd�bk]rr B-
Enq�d]bg�w�∈ V kds�Kw ad�sgd�ltkshokhdq�k]mft]fd�enq�sgd�B,fq]og�]tsnl]shb�rsqtbstqd�

nm�F-�Cdzmd

K0 ;
)

⊗
 
⊗%t v( ⊗%u v(

( }} t u ∈ Λ} v ∈ z }{
 

K1 ;
)

⊗
 
⊗%t v( ⊗%u y(

( }} t u ∈ Λ} v ∈ KG  y ∈ z }{
 

]mc

K2 ;
)

⊗
 
⊗%t v( ⊗%u y(

( }} t u ∈ K. u ;. tw v y ∈ z }{
,

Sgdm�K0 hr�qdftk]q+�K1 hr�sgd�hmudqrd�hl]fd�ne�sgd�gnlnlnqoghrl

φ 9 ⊗
 
⊗
 
Λ} z }(

 ⊗
 
Λ} z }((

· KG

fhudm�ax�⊗%⊗%Z �a( �⊗%b �c((�; a+�]mc�K2 hr�sgd�hmudqrd�hl]fd�ne�sgd�gnlnlnqoghrl

φ 9 ⊗
 
⊗
 
Λ} z }(

 ⊗
 
Λ} z }((

· Kw

fhudm�ax�⊗%⊗%Z �a( �⊗%b �c((�; ⊗%Z �b(+�rn�K1 ]mc�K2 khd�hm B-
Hs�enkknvr�sg]s

K%w 0G( ;
)

⊗
 
⊗%t v( ⊗%u v(

( }} t u ∈ K. u ;. tw v ∈ KG

{

hr�hm�B rhmbd�hs�hr�sgd�hmsdqrdbshnm�K0 ∩ K1 ∩ K2-
=�rhlhk]q�]qftldms�]ookhdr�sn�ltkshokhdq�k]mft]fdr�K%0  x(- �

Enq� bdqs]hm� k]mft]fd� bk]rrdr� B vd� oqnud� sg]s� B,fq]og� ]tsnl]shb� fqntor� ]qd� bknrdc�
tmcdq�eqdd�oqnctbs-�Sgd�enkknvhmf�]qftldms�hr�rodbhzb�sn�sgd�bk]rr�ne�mnm,akhmc�bntmsdq�
k]mft]fdr+�]mc�b]m�ad�lnchzdc�sn�]ookx�sn�onkx,bnmsdws,eqdd+�]mc�bnmsdws,rdmrhshud�k]m,
ft]fdr-
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IdllT� 05�  Dqdd� oqnctbs(-� Ids� F ]mc� G ad� fqntor� vhsg� rxlldsqhb� fdmdq]shmf� rdsr� V

]mc X ) qdrodbshudkx)�]mc� Λ ]mc� z ymhsd�]kog]adsr-� He� %F �V �Λ( hr�Cj,fq]og�]tsnl]shb�
]mc�%G �X �z ( hr�Ck,fq]og�]tsnl]shb)�sgdm�F�}G hr�Cl]w j k|,fq]og�]tsnl]shb-

Lpnne- =rrtld�sg]s�Λ ]mc�z ]qd�chrshmbs�rdsr�ne�rxlankr+�]mc�kds�K. ± Λ} �KG ± z } ad�
sgd�mnql]k�enql�k]mft]fdr�enq�F �G + qdrodbshudkx+�]mc�λ/ ∈ K. ]mc�γ/ ∈ KG sgd�mnql]k�
enql�vnqcr�enq�sgd�hcdmshsx�hm�d]bg�k]mft]fd-
Cdzmd�K0 ; K. Z\λ/|:�sghr�hr�]�j,bntmsdq�k]mft]fd�]r�hs�hr�sgd�hmsdqrdbshnm�ne�K. vhsg�

sgd�qdftk]q�k]mft]fd�Λ} Z \λ/|+�]mc�rhlhk]qkx�K1 ; KG Z \γ/| hr�]m�k,bntmsdq�k]mft]fd-�He�
K0 bnms]hmr�sgd�dlosx�rsqhmf+�bgnnrd�t�∈ Λ} ZK. ]mc�qdok]bd�K0 ax�hsr�hl]fd�tmcdq�sgd�
gnlnlnqoghrl�eqnl�K0 sn�Λ} vghbg�rdmcr�ε sn�t ]mc�hr�sgd�hcdmshsx�nm�]kk�nsgdq�rsqhmfr-�
Sgdm�K0 qdl]hmr�]�j,bntmsdq�k]mft]fd-�Rhlhk]qkx�he�K1 bnms]hmr�sgd�dlosx�rsqhmf+�hs�b]m�
ad�qdok]bdc-�Cdzmd

K ;

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

ε 

 t0 u0 , , , tr ur 

 t0 u0 , , , ur−0 tr 

 u0 t1 , , , tr ur 

 u0 t1 , , , ur−0 tr

r < / tc ∈ K0 uc ∈ K1

⎫
⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎭

nudq�sgd�]kog]ads�\ |�∪ Λ�∪ z -�Sgdqd�hr�]m�nauhntr�ahidbshnm�eqnl�K sn�sgd�eqdd�oqnctbs+�
m]ldkx�sgd�l]o�sg]s�cdkdsdr�]kk� +�rdmcr�tc sn�tc ]mc�uc sn�uc-
Kds� L0 ad� sgd� j,bntmsdq�]tsnl]snm�]bbdoshmf� K0+�vhsg� rs]qs� rs]sd� τ0:�]m]knfntrkx�

kds�L1 ad�sgd�k,bntmsdq�]tsnl]snm�vhsg�rs]qs�rs]sd�τ1 ]bbdoshmf�K1-�=rrtld�sgd�rdsr�ne�
rs]sdr�ne�L0 ]mc�L1 ]qd�chrshmbs-�Cdzmd�]�mnmcdsdqlhmhrshb+�mnm,akhmc�l]w\j �k|,bntmsdq�
]tsnl]snm�L ]r� enkknvr-�Sgd�rs]sdr�ne�L ]qd�sgd�rs]sdr�ne�L0 ]mc�L1 snfdsgdq�vhsg�
sgqdd� mdv� rs]sdr κ/ �κ0 �κ1-�Sgd� rs]qs� rs]sd� enq L hr κ/+� ]mc� ]bbdoshmf� rs]sdr� ]qd� κ0
]mc κ1-�Sgd�dcfdr�hm L ]qd�]r�enkknvr9

0- Dudqx�dcfd� hm�L0 hr�]f]hm�]m�dcfd� hm�L +�vgdqd�sgd�zqrs�j bntmsdqr�bnqqdronmc�sn�
sgd�j bntmsdqr�hm�L0-

1- Dudqx�dcfd� hm�L1 hr�]f]hm�]m�dcfd� hm�L +�vgdqd� sgd�zqrs� k bntmsdqr�bnqqdronmc� sn�
sgd�k bntmsdqr�hm�L1-

2- Enq�d]bg�]bbdos�rs]sd�τX hm�L0+�ots�]m�dcfd�eqnl�τX sn�κ1 k]adkdc�ε: ,,, :-�Mnsd�sg]s�
sghr�sq]mrhshnm�hr�]kknvdc�nmkx�vgdm�]kk�bntmsdqr�]qd�ydqn-

3- Enq�d]bg�]bbdos� rs]sd�τ ↓
X hm�L1+�ots�]m�dcfd� eqnl�τ ↓

X sn�κ0 k]adkdc�ε: ,,, :-�=f]hm+�
sghr�dcfd�hr�enkknvdc�nmkx�vgdm�]kk�bntmsdqr�]qd�ydqn-

4- Ots�]m�dcfd�k]adkdc�ε eqnl�κ/ sn�κ0+�]mc�]m�dcfd�k]adkdc�ε eqnl�κ/ sn�κ1-
5- Ots�]m�dcfd�k]adkdc� eqnl�κ0 sn�τ0+�]mc�]m�dcfd�k]adkdc� eqnl�κ1 sn�τ1-

Rdd�Ehf- 0-�Sgdm�L hr�]�mnm,akhmc�mnm,cdsdqlhmhrshb�l]w\j �k|,bntmsdq�]tsnl]snm�vghbg�
]bbdosr�sgd�k]mft]fd K-
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Ehf- 0- Bnmrsqtbshnm�ne�sgd�]tsnl]snm�L hm�sgd�oqnne�ne�Jdll] 05-�Rs]qs�rs]sd�hr�κ+ ]mc�]bbdos�rs]sdr�]qd�
κ0 ]mc�κ1-

Kds�w�∈ V+�]mc�kds�K. w ad�sgd�ltkshokhdq�k]mft]fd�enq�sgd�bntmsdq,fq]og�]tsnl]shb�
rsqtbstqd� nm� F-�=m]knfntrkx+� enq� x ∈ X kds� KG x ad� sgd�ltkshokhdq� k]mft]fd� enq� sgd�
bntmsdq,fq]og�]tsnl]shb�rsqtbstqd�nm�G -
Vd�vhkk�cdrbqhad�sgd�ltkshokhdq� k]mft]fd� hm�sgd�b]rd�ne�ltkshokhb]shnm�ax�w�∈ V ]mc�

kd]ud�sgd�]m]knfntr�b]rd�ne�x ∈ X sn�sgd�qd]cdq-
Sgd� ltkshokhdq� k]mft]fd� Kw ; \⊗%n �p(� { n p ∈ K p ;.}G nw|� ⊆ ⊗%K �K( enq�

F } G hr ]bbdosdc ax ] lnchzdc udqrhnm ne L vghbg vd cdmnsd Lw+ bnmrsqtbsdc ]r
enkknvr-

0- Kds�Lw hmhsh]kkx�g]ud� sgd� r]ld� rs]sdr�]mc� sq]mrhshnmr�]r�L +�vhsg�mnmd� k]adkdc�]r�
]bbdos�rs]sdr-�Pdok]bd�d]bg�dcfd�k]adk�α ∈; ε ax�

 α
α

(
-

1- Kds�λ0λ1 · · · λr ∈ KG ad�sgd�mnql]k�enql�vnqc�enq�w-�=cc�]�mdv�rs]sd�χ0 ]mc�]�o]sg�
eqnl�κ0 sn�χ0 k]adkdc�

 ∗
 

( ∗
λ0

(
, , ,

 ∗
λm

(
-�Cdbk]qd�χ0 sn�ad�]m�]bbdos�rs]sd-�Sghr�dmrtqdr�

sg]s�he�n hr�dlosx+�nq�n dmcr�vhsg�]�rtavnqc�eqnl�G +�sg]s�⊗%n �p( hr�]bbdosdc+�vgdqd�
p ;. nw-

2- Eqnl�κ0 ]cc�]m�dcfd�sn�]�bnox�ne�sgd�l]bghmd�K. w k]adkdc�ε-�Cdbk]qd�]kk�oqduhntr�
]bbdos� rs]sdr�ne� sghr�l]bghmd� sn�ad�]bbdos� rs]sdr�ne�Lw-� He�n dmcr�vhsg�]� rtavnqc�
eqnl�F+�r]x�n�; βγ vgdqd�γ hr�sgd�l]whl]k�rtffw�eqnl�F+�sgdm�β bnqqdronmcr�sn�]�
o]sg�sgqntfg�L vhsg�]m�dorhknm�dcfd�kd]chmf�sn�τ0-�=s�sg]s�onhms+�K. w bgdbjr�sg]s�
sgd�svn�rtffw�rsqhmfr�chˆdq�ax�w hm F- �

5-� DwTlokdr

4-.-� Hmymhsdkx�fdmdq]sdc�fqntor

Sgd�otqonrd�ne�sghr�dw]lokd�hr�sn�rgnv�sg]s�mnm,zmhsdkx�fdmdq]sdc�fqntor�]qd�b]ostqdc�
ax�sgd�bk]rr�ne�B,fq]og�]tsnl]shb�fqntor�enq�]ooqnoqh]sd B-
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Ehf- 1- Cdsdqlhmhrshb�mnm,akhmc�0,bntmsdq�]tsnl]snm�]bbdoshmf�sgd�k]mft]fd�K2 hm�sgd�oqnne�ne�Nqnonrhshnm 06-�
Sgd�rs]qs�rs]sd�hr�r2-�@bbdos�rs]sdr�]qd�r1 �r2 �X �a �q �s-�Sgd�]tsnl]snm�enq�K1 hr�hcdmshb]k�vhsg�rs]qs�rs]sd r1-

Lpnonrhshnm�06-�Sgd�eqdd�fqnto�E∞ ; ∩w0 �w1 �w2 �, , , {−〈 nm�sgd�bntms]akd�rds�ne�fdmdq]snqr�
X ; \wc { e�∈ N)| hr�cdsdqlhmhrshb�mnm,akhmc�1,bntmsdq,fq]og�]tsnl]shb-

Lpnne- Sgd�hcd]�hr�sn�qdoqdrdms�fdmdq]snqr�]mc�sgdhq�hmudqrdr�]r�onrhshud�nq�mdf]shud�tm]qx�
hmsdfdqr-�Kds�V ; X ∪ X −0+�Λ�; \n �m �0|+�]mc�cdzmd�]�gnlnlnqoghrl�φ� 9 V} · Λ}

ax�φ%wc(�; n0c ]mc�φ%w−0
c (�; m0c-�Enq�dw]lokd+�w21w−0

4 hr�l]oodc�sn�n00n00n00m00000-�
Sgd�rds�ne�eqddkx�qdctbdc�zmhsd�rsqhmfr�ne�fdmdq]snqr�hr�]�mnql]k�enql�enq�E∞+�rn�cdzmd�
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dcfdr�k]adkdc�w %vgdqd�w�∈ \n �m �0| ]mc� cdmnsdr�rnld�bntmsdq�hmrsqtbshnmr(�ax�entq�
dcfdr� k]adkdc�

 
n
w

(
  �

 
m
w

(
  �

 0
w

(
  �

 ∗
w

(
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sgd�]kog]ads�Π ; \s �Zs �, , , Zm−0s �s−0 �Zs−0 �, , , Zl−0s−0| %rdd�enq�dw]lokd�Y27+�o- 070[(-�
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rsqtbstqd� hr�sn�qdoqdrdms�sgd� hmsdfdq�M hm�svn�chˆdqdms�v]xr+�rn�sg]s�ltkshokhb]shnm�ax�
sgd fdmdq]snq s b]m ad d]rhkx qdbnfmhydc-
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Ehf- 2- 0,bntmsdq�]tsnl]snm�]bbdoshmf�sgd�k]mft]fd�K0 enq�AP%l �m(-�@bbdos�rs]sdr�]qd�p  �p+ ]mc�p -�Sgd�
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u ; O ZM s-�Vd� bnmrhcdq� sgd� enkknvhmf� b]rdr+�vghbg�cdodmc�nm�vgdsgdq�nq�mns� O dmcr�
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hmsdqrdbsdc�vhsg�⊗%K �K( ]mc�hr�sgdqdenqd�akhmc�cdsdqlhmhrshb�2,bntmsdq- �

Vd�qdl]qj�sg]s�sgd�]anud�mnql]k�enql�k]mft]fd�hr�mns�pt]rhfdncdrhb-�Hm�Y28[ Atqhkkn�
]mc�sgd�zqrs�]tsgnq�zmc�]�ldsqhb�drshl]sd� enq�AR%l �m(-�Hs� hr�rgnvm�sg]s�sgd�fdncdrhb�
kdmfsg� ne� sgd� dkdldms� dpt]k� sn� ZM hr� N%knfM(+�vghkd� sgd� mnql]k� enql� qdoqdrdms]shud�
fhudm�]anud�g]r�kdmfsg�N%M.l�)M.m(�; N%M(-

9bimnvkdcfldmsr

L]mx� ne� sgd� hcd]r� hm� sghr� o]odq� bnld� eqnl� sgd� o]odq� ax� Nkf]� Ig]qk]lonuhbg+�
A]jg]cxq�Igntrr]hmnu� ]mc�=kdwdh�Lh]rmhjnu� Y0[+� ]mc�vd� ]qd� fq]sdetk� enq� sgdhq� gdko�
vhsg�sghr�oqnidbs-�Vd�]krn�sg]mj�Ana�Fhkl]m+�O]rb]k�Vdhk�]mc�drodbh]kkx�Rg]qhe�Wntmdr�
enq�gdkoetk�bnmudqr]shnmr�]ants�sghr�o]odq-�K]rskx�vd�sg]mj�sgd�]mnmxlntr�qdedqdd� enq�
gdkoetk�eddca]bj�]mc�rtffdrshnmr-

Pdedpdmbdr

Z0[ N-� Jg]qk]lonuhbg*� A-� Jgntrr]hmnu*� :-F-� Lh]rmhjnu*� Eqnl� ]tsnl]shb� rsqtbstqdr� sn� ]tsnl]shb�
fqntor*�]qWhu900/6-2534*�1/00-

Z1[ L-�Dkcdq*�I-�S]a]bj*�R-�Xntmdr*�K]mft]fd�bnlokdwhsx�ne�Sgnlronm’r�fqnto , *�1/03*�hm�oqdo]q]shnm-
Z2[ L-P-�Aqhcrnm*�P-G-�Fhkl]m*�Enql]k�k]mft]fd�sgdnqx�]mc�sgd�fdnldsqx ne�2,l]mhenkcr*�Bnlldms-�

L]sg-�Gdku-�60  3(� 0885(�414”444-
Z3[ F-�A]tlrk]f*�L-�Rg]ohqn*�G-�Rgnqs*�O]q]kkdk�onkx,otrgcnvm�fqntor*�I- Otqd�:ook- :kfdaq]�03/  2(�

 0888(�1/8”116-
Z4[ G-P-�Bgn*�:m� hmsqnctbshnm�sn�bntmsdq�fqntor*�Cnbsnq]k�Sgdrhr*�Rsdudmr�Hmrshstsd�ne�Sdbgmnknfx*�

1//5-
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Z5[ L-�Aqhssdmg]l*�R-�Gdqlhkkdq*�Rs]bj]akd�fqntor*�s]ld�zkkhmf�hmu]qh]msr*�]mc�]kfnqhsglhb�oqnodqshdr�
ne�fqntor*�]qWhu900/8-52/8*�1/00-

Z6[ I-D-� Gnobqnes*� I-C-� Tkkl]m*� Hmsqnctbshnm� sn� :tsnl]s]� Sgdnqx*� K]mft]fdr*� ]mc� Bnlots]shnm*�
:cchrnm”Vdrkdx�Rdqhdr�hm�Bnlotsdq�Rbhdmbd*�:cchrnm”Vdrkdx�Otakhrghmf�Bn-*�Pd]chmf*�L:*�0868-

Z7[ P-�Annj*�R-�Fhmratqf*�Ltksh,rs]bj,bntmsdq�k]mft]fdr*�L]sg-�Rxrsdlr�Sgdnqx�5� 0861(�26”37-
Z8[ L-�Dkcdq*�F,]tsnl]s]*�bntmsdq�k]mft]fdr�]mc�sgd�Bgnlrjx�ghdq]qbgx*�hm9�Fqntor�Rs-�:mcqdvr�1//4*�

unk- 0*�hm9�Knmcnm�L]sg-�Rnb-�Kdbstqd�Mnsd�Rdq-*�unk- 228*�B]laqhcfd�Tmhu-�Oqdrr*�B]laqhcfd*�1//6*�
oo- 202”207-

Z0/[ L-�Dkcdq*�:�khmd]q,shld�]kfnqhsgl�sn�bnlotsd�fdncdrhbr�hm�rnku]akd�A]tlrk]f”Rnkhs]q�fqntor*�Hkkhmnhr�
I-�L]sg-�43  0(� 1/0/(�0/8”017-

Z00[ L-�Dkcdq*�L-�J]lahsdr*�F-�Nrsgdhldq*�Nm� fqntor� ]mc� bntmsdq� ]tsnl]s]*� Hmsdqm]s-� I-�:kfdaq]�
Bnlots-�07  7(� 1//7(�0234”0253-

Z01[ O-B-�Ehrbgdq*�:-P-�Ldxdq*�:-K-�Pnrdmadqf*�Bntmsdq�l]bghmdr�]mc�bntmsdq�k]mft]fdr*�L]sg-�Rxrsdlr�
Sgdnqx�1� 0857(�154”172-

Z02[ R-:-�Fqdha]bg*�Pdl]qjr�nm�sgd�bnlokdwhsx�ne�mnmcdsdqlhmhrshb�bntmsdq�k]mft]fdr*�Sgdnqds-�Bnlots-�
Rbh-�0  3(� 0864.65(�158”177-

Z03[ R-:-�Fqdha]bg*�Pdl]qjr� nm�akhmc� ]mc�o]qsh]kkx�akhmc� nmd,v]x�ltkshbntmsdq�l]bghmdr*�Sgdnqds-�
Bnlots-�Rbh-�6  2(� 0867(�200”213-

Z04[ L-�J]lahsdr*�Vnqc�oqnakdlr�qdbnfmhr]akd�ax�cdsdqlhmhrshb�akhmc�lnmnhc�]tsnl]s]*�Sgdnqds-�Bnl,
ots-�Rbh-�251  0”2(� 1//5(�121”126-

Z05[ U-�Lhsq]m]*�P-�Rshdad*�Sgd�]bbdoshmf�onvdq�ne�zmhsd�]tsnl]s]�nudq�fqntor*� hm9�Mdv�Sqdmcr� hm�
Enql]k�K]mft]fdr*�hm9�Kdbstqd�Mnsdr�hm�Bnlots-�Rbh-*�unk- 0107*�Roqhmfdq*�Adqkhm*�0886*�oo- 28”37-

Z06[ L-�J]lahsdr*�Enql]k�k]mft]fdr�]mc�fqntor�]r�ldlnqx*�Bnll-�:kfdaq]�26  0(� 1//8(�082”1/7-
Z07[ L-K-�Lhmrjx*�Pdbtqrhud�tmrnku]ahkhsx�ne�Onrs’r�oqnakdl�ne�’s]f“�]mc�nsgdq�snohbr�hm sgdnqx�ne�Stqhmf�

l]bghmdr*�:mm-�ne�L]sg-� 1(�63� 0850(�326”344-
Z08[ S-�Aqntfg*�Fqntor�vhsg�onkx,bnmsdws,eqdd�vnqc�oqnakdl*�Fqntor�Bnlokdw-�Bqxosnk-�5  0(� 1/03(�

8”18-
Z1/[ L-�Rg]ohqn*�:�mnsd�nm�bnmsdws,rdmrhshud�k]mft]fdr�]mc�vnqc�oqnakdlr*�Hmsdqm]s-�I-�:kfdaq]�Bnlots-�

3  3(� 0883(�382”386-
Z10[ R-:-�Fqdha]bg*�R-�Fhmratqf*�Ltkshs]od�:E:*�I- :rrnb-�Bnlots-�L]bg-�08� 0861(�082”110-
Z11[ C-A-:-�Dorsdhm*�I-V-�B]mmnm*�C-E-�Gnks*�R-U-E-�Kdux*�L-R-�O]sdqrnm*�V-O-�Sgtqrsnm*�Vnqc�Oqn,

bdrrhmf�hm�Fqntor*�Inmdr�]mc�A]qskdss�Otakhrgdqr*�Anrsnm*�L:*�0881-
Z12[ :-F-�Lh]rmhjnu*�Y-�fitmh©*�B]xkdx�fq]og�]tsnl]shb�fqntor�]qd�mns�mdbdrr]qhkx�B]xkdx�fq]og�ah]t,

snl]shb*�hm9�K]mft]fd�]mc�:tsnl]s]�Sgdnqx�]mc�:ookhb]shnmr*�hm9�Kdbstqd�Mnsdr�hm�Bnlots-�Rbh-*�
unk- 6072*�Roqhmfdq*�Gdhcdkadqf*�1/01*�oo- 3/0”3/6-

Z13[ :-F-� Lh]rmhjnu*� C-� R]ubgtj*� :m� dw]lokd� ne� ]m� ]tsnl]shb� fq]og� ne� hmsdqldch]sd� fqnvsg*�
]qWhu90201-260/*�1/02-

Z14[ R-P-�K]jhm*�P-L-�Sgnl]r*�Bnmsdws,rdmrhshud�cdbhrhnm�oqnakdlr�hm�fqntor*�hm9�Cdudknoldmsr�hm�K]m,
ft]fd�Sgdnqx*�hm9�Kdbstqd�Mnsdr�hm�Bnlots-�Rbh-*�unk- 223/*�Roqhmfdq*�Adqkhm*�1//3*�oo- 185”2/6-

Z15[ R-P-�K]jhm*�P-L-�Sgnl]r*�Ro]bd�bnlokdwhsx�]mc�vnqc�oqnakdlr�ne�fqntor* Fqntor�Bnlokdw-�Bqxo,
snk-�0  1(� 1//8(�150”162-

Z16[ J-:-�Lhg]ö̆knu]*�Sgd�nbbtqqdmbd�oqnakdl�enq�eqdd�oqnctbsr�ne�fqntor*�L]s-�Ra-� M-R-(�64  006(� 0857(�
088”10/-

Z17[ B-E-�Lhkkdq�HHH*�Nm�Fqnto,Sgdnqdshb�Cdbhrhnm�Oqnakdlr�]mc�Sgdhq�Bk]rrhzb]shnm*�:mm-�ne�L]sg-�
Rstc-*�unk- 57*�Oqhmbdsnm�Tmhudqrhsx�Oqdrr*�Oqhmbdsnm*�MI*�0860-

Z18[ P-I-�Khosnm*�X-�Y]kbrsdhm*�Vnqc�oqnakdlr�rnku]akd� hm� knfro]bd*�I- :rrnb-�Bnlots-�L]bg-�13  2(�
 0866(�411”415-

Z2/[ L-�Dkcdq*�F-�Dkrsnm*�F-�Nrsgdhldq*�Nm�fqntor�sg]s�g]ud�mnql]k� enqlr�bnlots]akd� hm� knfro]bd*�
I- :kfdaq]�270� 1/02(�15/”170-

Z20[ C-E-�Gnks*�R-�Pddr*�B-D-�Pöudq*�P-L-�Sgnl]r*�Fqntor�vhsg�bnmsdws,eqdd�bn,vnqc�oqnakdl*�I- Knmc-�
L]sg-�Rnb-� 1(�60  2(� 1//4(�532”546-

Z21[ C-E-�Gnks*�B-D-�Pöudq*�Fqntor�vhsg�hmcdwdc�bn,vnqc�oqnakdl*�Hmsdqm]s-�I-�:kfdaq]�Bnlots-�05  4(�
 1//5(�874”0/03-

Z22[ I-�Kdgmdqs*�O-�Rbgvdhsydq*�Sgd�bn,vnqc�oqnakdl�enq�sgd�Ghfl]m”Sgnlornm�fqnto�hr�bnmsdws,eqdd*�
Atkk-�Knmc-�L]sg-�Rnb-�28  1(� 1//6(�124”130-

Z23[ L-�Dkcdq*�:-�Pdbgmhsydq*�Rnld�fdncdrhb�oqnakdlr�hm�fqntor*�Fqntor�Bnlokdw-�Bqxosnk-�1  1(� 1/0/(�
112”118-

Z24[ :-F-�Lh]rmhjnu*�U-�Pnl]m’jnu*�:-�Trg]jnu*�:-�Udqrghj*�Sgd�vnqc�]mc�fdncdrhb�oqnakdlr�hm�eqdd�
rnku]akd�fqntor*�Sq]mr-�:ldq-�L]sg-�Rnb-�251  8(� 1/0/(�3544”3571-
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Z25[ V-�O]qqx*�Fqnvsg�rdqhdr�ne�rnld�vqd]sg�oqnctbsr*�Sq]mr-�:ldq-�L]sg-�Rnb-�220  1(� 0881(�640”648-
Z26[ R-�U]rrhkdu]*�Ro]bd�]mc� shld�bnlokdwhsx�ne�]kfnqhsglhb�oqnakdlr� hm�fqntor*�OgC sgdrhr*�LbFhkk�

Tmhudqrhsx*�1/02-
Z27[ P-B-� Kxmcnm*� O-D-� Rbgtoo*� Bnlahm]snqh]k� Fqnto� Sgdnqx*� Dqfda-� L]sg-� Fqdmyfda-*� A]mc� 78*�

Roqhmfdq,Udqk]f*�Adqkhm*�0866-
Z28[ I-�Atqhkkn*�L-�Dkcdq*�Ldsqhb�oqnodqshdr�ne�A]tlrk]f”Rnkhs]q�fqntor*�]qWhu903/1-2748*�1/03-
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