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Fpntor Bnlokdw# Bpxosnk# 2fi16. 8 ]1(*21)33

PdrdTpbg �pshbkd

LtppYx Dkcdp Ymc Idmmhedp SYaYbj*

Sgnlornm-r fpnto � hr 1.bntmsdp fpTog
TtsnlTshb
CNH* 1fi#1515;fbb–2fi16–fififi1
Qdbdhudc IYmtYpx 18: 2fi15

�arspTbs* Hs hr mns jmnvm vgdsgdq Sgnlornm”r fqnto D hr YtsnlYshb# Uhsg sgd qdbdms dwsdmrhnmr ne sgd
mnshnm ne Ym YtsnlYshb fqnto sn fqYog YtsnlYshb ax IgYqkYlonuhbg: IgntrrYhmnu Ymc LhYrmhjnu Ymc sgdm
sn �–fqYog YtsnlYshb ax sgd Ytsgnqr: Y bnlodkkhmf ptdrshnm hr vgdsgdq D hr fqYog YtsnlYshb nq �–fqYog Ytsn–
lYshb enq Ym YooqnoqhYsd kYmftYfd bkYrr�# Sgd dwsdmcdc cdffimhshnmr Ykknv sgd trd ne Y rxlank YkogYads enq sgd
mnqlYk enql kYmftYfd: qdokYbhmf sgd cdodmcdmbd nm fdmdqYshmf rds# Hm sghr oYodq vd bnmrsqtbs Y 0–bntmsdq
fqYog YtsnlYshb rsqtbstqd enq D aYrdc nm sgd rsYmcYqc hmffimhsd mnqlYk enql enq fqnto dkdldmsr#

Jdxunpcr* Sgnlornm”r fqnto D: YtsnlYshb fqnto: fqYog YtsnlYshb fqnto: �–fqYog YtsnlYshb fqnto

LRB 2fi1fi* 20E65: 68P45

1 Gmspnctbshnm
Sgd mnshnm ne Ym YtsnlYshb fqnto vYr hmsqnctbdc hm sgd 1990r aYrdc nm hcdYr ne Sgtqrsnm: BYmmnm: FhklYm:
Dorsdhm Ymc Gnks hm sgd gnodr ne bYsdfnqhyhmf sgd etmcYldmsYk fqntor ne bnloYbs 3–lYmhenkcr# �r mns Ykk
mhkonsdms fqntor oqnudc sn ad YtsnlYshb: sgd cdffimhshnm qdpthqdc dwoYmrhnm sn lYjd hs lnqd qnatrs# � rhltk–
sYmdntr lnshuYshnm adghmc sghr cdffimhshnm vYr sn trd sgd YtsnlYshb rsqtbstqd sn dYrd bnlotsYshnm vhsghm
sgdrd fqntor# Sn sgYs dmc: hs vYr rgnvm sgYs YtsnlYshb fqntor Yqd ffimhsdkx oqdrdmsdc: gYud vnqc oqnakdl
rnkuYakd hm ptYcqYshb shld Ymc onrrdrr Ys lnrs Y ptYcqYshb Cdgm etmbshnm ;9[# Hm Ym YtsnlYshb fqnto sgdqd hr
Y mYstqYk rds ne ptYrhfdncdrhb mnqlYk enqlr vghbg cdffimd sgd rsqtbstqd: Ymc sghr mnqlYk enql qdoqdrdmsYshud
enq Ymx fqnto dkdldms bYm YkvYxr ad entmc hm ptYcqYshb shld#

Hs hr mns jmnvmvgdsgdq Sgnlornm”r fqnto D hr YtsnlYshb# FtaY Ymc RYohq oqdrdms Y qdftkYq mnqlYk enql
enq dkdldmsr ne D Ymc oqnud sgYs sgd Cdgm etmbshnm ne D hr ptYcqYshb hm ;11[# Sgd vnqc oqnakdl hm D hr rnkuYakd
hm M�m knf m( shld ]rdd: enq dwYlokd: ;13[( Ymc hs hr rgnvm hm ;2[ sgYs D hr ne sxod EO∞# Gnvdudq: mn nmd gYr
addm Yakd sn oqnud sgYs sgd fqnto hr ]nq hr mns( YtsnlYshb# Hm ;6[ hs hr rgnvm sgYs D bYmmns gYud Y qdftkYq
bnlahmf ax fdncdrhbr vhsg qdrodbs sn sgd rsYmcYqc ffimhsd fdmdqYshmf rds: vghkd hm ;5[ hs hr rgnvm sgYs D Yclhsr
Y sYld 0–bnlahmf ax ptYrhfdncdrhbr enq sghr fdmdqYshmf rds: vhsg Y khmdYq sYldmdrr etmbshnm#

Hm ;12[ IgYqkYlonuhbg: IgntrrYhmnu Ymc LhYrmhjnu dwoYmc sgd cdffimhshnm ne Ym YtsnlYshb fqnto sn sgYs
ne Y fqYog YtsnlYshb fqnto ax Ykknvhmf sgd mnqlYk enqlr enq dkdldmsr sn ad dwoqdrrdc hm sdqlr ne Y rxlank
YkogYads: qYsgdq sgYm sgd fqnto fdmdqYsnqr# Sgd oqdbhrd cdffimhshnm hr fhudm adknv hm Rdbshnm2#1# Fqntorvghbg
Yqd mns YtsnlYshb: ats Yqd fqYog YtsnlYshb vhsg sghr cdffimhshnm hmbktcd sgd AYtlrkYf)RnkhsYq fqntor Ymc
ffimhsdkx fdmdqYsdc fqntor ne mhkonsdmbx bkYrr 2 ]rdd ;1: 12[(# FqYog YtsnlYshb fqntor qdsYhm sgd oqnodqshdr sgYs
sgd vnqc oqnakdl hr rnkuYakd hm ptYcqYshb shld: Ymc sgd mnqlYk enql enq Ymx fqnto dkdldms hr bnlotsYakd hm
ptYcqYshb shld#

LtppTx Dkcdp* Rbgnnk ne LYsgdlYshbYk Ymc OgxrhbYk Rbhdmbdr: Sgd Tmhudprhsx ne MdvbYrskd: BYkkYfgYm MRV 23fi8: �trspYkhY:
d–lYhk* ltppYxdkcdp’flYhk#bnl
*Bnppdronmchmf Ttsgnp* Idmmhedp STaTbi* CdoYpsldms ne LYsgdlYshbr: Anvcnhm Bnkkdfd: Aptmrvhbj: LD fi4fi11: TR�:
d–lYhk* isYaYbj’anvcnhm#dct



22 @ L# Dkcdp Ymc I# SYaYbj: Sgnlornm-r fpnto E hr 1–bntmsdp fpYog YtsnlYshb

Sgd bnmbdos ne Y fqYog YtsnlYshb fqntovYr dwsdmcdc ax sgd Ytsgnqr hm ;8[ sn Y�–fqYog YtsnlYshb fqnto:
vgdqd Ykk kYmftYfdr bnloqhrhmf sgd rsqtbstqd Yqd qdpthqdc sn ad hm sgd kYmftYfd bkYrr �# Sghr cdffimhshnm hr
rsYsdc oqdbhrdkx hm Rdbshnm 2#1#

Sgd hmsqnctbshnm ne Y rxlank YkogYads lYjdr D Y mYstqYk bYmchcYsd enq sgd bkYrr ne fqYog ]nq �–fqYog(
YtsnlYshb fqntor: Yr sgdqd Yqd svn mYstqYk rxlank YkogYadsr YrrnbhYsdc sn sghr fqnto#
]1( Sgd ffiqrs rxlank YkogYads hr aYrdc nm sgd rsYmcYqc hmffimhsd mnqlYk enql enq dkdldmsr ne D: Ymc hm sghr

oYodq vd oqnud sgYs sgdqd hr Y kYmftYfd ne ptYrh–fdncdrhb mnqlYk enqlr nudq sghr YkogYads vghbg enqlr
Y 0–bntmsdq fqYog YtsnlYshb rsqtbstqd enq D# Lnqdnudq: D hr mns fqYog YtsnlYshb vhsg qdrodbs sn sghr
kYmftYfd ne mnqlYk enqlr#

]2( Sgd rdbnmc rxlank YkogYads hr aYrdc nm sgd bnlahmYsnqhYk „bYqds sxodr“ ne mncdr hm sgd qdctbdc oYhq ne
sqddr qdoqdrdmshmf Y fhudm dkdldms# Hm ;14[: Wntmdr Ymc sgd rdbnmc Ytsgnq cdffimd Y kYmftYfd ne ptYrh–
fdncdrhb mnqlYk enqlr enq dkdldmsr ne D aYrdc nm sghr YkogYads vghbg sgdx rgnv sn ad sgd aYrhr ne
Y 2–bntmsdq fqYog YtsnlYshb rsqtbstqd enq D: Yksgntfg sgdx mnsd sgYs sgd mtladq ne bntmsdqr bYm ad
qdctbdc sn 1# Sgdx Ykrn rgnv sgYs D hr mns fqYog YtsnlYshb vhsg qdrodbs sn sghr kYmftYfd ne mnqlYk enqlr#

Mdhsgdq ne sgdrd qdrtksr qtkdr nts sgd onrrhahkhsx sgYs D hr fqYog YtsnlYshb vhsg qdrodbs sn Y chzdqdms mnqlYk
enql: nq YksdqmYsd rxlank YkogYads#

Ud qdlYqj sgYs Y sghqc onrrhahkhsx enq bnmrsqtbshmf Y�–fqYog YtsnlYshb rsqtbstqd enq Dvntkc ad sn trd sgd
qdftkYq mnqlYk enql kYmftYfd ne FtaY Ymc RYohq ;11[# Hm oqdoYqhmf sghr Yqshbkd vd bnmrhcdqdc sgd bnlokdwhsx
ne sgd ltkshokhdq YtsnlYsY enq sghr rsqtbstqd Ymc entmc sgYs sgd ltkshokhdq YtsnlYsnm enq sgd fdmdqYsnq w0
vntkc qdpthqd Ys kdYrs entq bntmsdqr: Ymc gdmbd chc mns hmbktcd sgd cdsYhkr hm sghr Yqshbkd#

Sghr oYodq hr nqfYmhydc Yr enkknvr# Hm Rdbshnm 2 vd qdbYkk sgd cdffimhshnm ne Y �–fqYog YtsnlYshb fqnto
hmsqnctbdc hm ;8[ vghbg fdmdqYkhydr sgd cdffimhshnm ne Y fqYog YtsnlYshb fqnto hmsqnctbdc ax IgYqkYlonuhbg:
IgntrrYhmnu Ymc LhYrmhjnu hm ;12[: Ymc oqdrdms Y aqhde hmsqnctbshnm sn Sgnlornm”r fqnto D# Rdbshnm 3 hr
cdunsdc sn cdrbqhahmf Y kYmftYfd ne mnqlYk enqlr aYrdc nm sgd rsYmcYqc hmffimhsd mnqlYk enql enq dkdldmsr
ne D: Ymc sgd qdrtkshmf 1–bntmsdq fqYog YtsnlYshb rsqtbstqd#

2 ATbifpntmc
Ud oqdrdms rnld aYbjfqntmc lYsdqhYk nm �–fqYog YtsnlYshb fqntor Yr vdkk Yr Y aqhde hmsqnctbshnm sn
Sgnlornm”r fqnto D#

2:1 FdmdpTkhyTshnmr ne TtsnlTshbhsx

Sgd enkknvhmf cdffimhshnmr Yqd sYjdm eqnl ;8[ Ymc hmbktcd sgd cdffimhshnm ne Y fqYog YtsnlYshb fqnto fhudm
hm ;12[# Ud adfhm vhsg sgd cdffimhshnm ne Y bnmunktshnm ne rsqhmfr: enkknvhmf ;12[#

Kds F ad Y fqnto vhsg rxlldsqhb fdmdqYshmf rds T: Ymc fi Y ffimhsd rds ne rxlankr# Hm fdmdqYk vd cn mns
Yrrtld sgYs T hr ffimhsd# Sgd mtladq ne rxlankr ]kdssdqr( hm Y vnqc t ∈ fi∗ hr cdmnsdc {t{fi#

Cdffimhshnm 2:1 ]Bnmunktshnm: /12: Cdymhshnm 2#3[(# Kds fi ad Y ffimhsd rds ne rxlankr: ⬦ Y rxlank mns hm fi:
Ymc kds K0: # # # : Kj ad Y ffimhsd rds ne kYmftYfdr nudq fi# Rds fi⬦ < fi ∪ ]⬦|# Cdffimd sgd bnmunktshnm ne X stokd
�v0: # # # : vj( ∈ K0 } ⋅ ⋅ ⋅ } Kj sn ad sgd rsqhmf ⊗�v0: # # # : vj( ne kdmfsg lYw {vh{fi nudq sgd YkogYads �fi⬦(j Yr
enkknvr# Sgd h–sg rxlank ne sgd rsqhmf hr

(

λ0
###
λj

) :

vgdqd λi hr sgd hsg kdssdq ne vi he h ≤ {vi{fi Ymc ⬦ nsgdqvhrd# Sgdm

⊗�K0: # # # : Kj( < ]⊗�v0: # # # : vj( { vh ∈ Kh|#

Ud mnsd sgYs sgd bnmunktshnm ne qdftkYq kYmftYfdr hr YfYhm Y qdftkYq kYmftYfd#
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�r Ym dwYlokd: he v0 < XX: v1 < aaa Ymc v2 < X: sgdm

⊗�v0: v1: v2( < (
X
a
X
)(

X
a
⬦
)(

⬦
a
⬦
) #

Ugdm Kh < fi∗ enq Ykk h: sgd cdffimhshnm hm ;12[ hr qdbnudqdc#

Cdffimhshnm 2:2 ]PtYrhfdncdrhb mnplYk enpl(# � mnqlXk enql enq �F: T: fi( hr Y rds ne vnqcr K ⊆ fi∗ hm ahidbshnm
vhsg F# � mnqlYk enql K hr ptXrhfdncdrhb he sgdqd hr Y bnmrsYms � rn sgYs

{t{fi ≤ ��‖t‖T ) 0(

enq dYbg t ∈ K: vgdqd ‖t‖T hr sgd kdmfsg ne Y fdncdrhb hm T∗ enq sgd fqnto dkdldms qdoqdrdmsdc ax t#

Sgd ‖t‖T ) 0 hm sgd cdffimhshnm Ykknvr enq mnqlYk enqlr vgdqd sgd hcdmshsx ne sgd fqnto hr qdoqdrdmsdc ax
Y mnmdlosx rsqhmf ne kdmfsg Ys lnrs �# Ud cdmnsd sgd hlYfd ne t ∈ K tmcdq sgd ahidbshnm vhsg F ax t#

Cdffimhshnm 2:3 ]�–fpYog YtsnlYshb fpnto(# Kds � ad Y enqlYk kYmftYfd bkYrr: �F: T( Y fqnto Ymc rxlldsqhb
fdmdqYshmf rds: Ymc fi Y ffimhsd rds ne rxlankr# Ud rYx sgYs �F: T: fi( hr �.fqXog XtsnlXshb he sgdqd hr Y mnqlYk
enql K ⊂ fi∗ hm sgd kYmftYfd bkYrr � rtbg sgYs enq dYbg w ∈ T sgd kYmftYfd Kw < ]⊗�t: u( { t: u ∈ K: u <F tw| hr
hm sgd bkYrr �#

He vd sYjd � < ]qdftkYq kYmftYfdr|: vd qdbnudq sgd cdffimhshnm ne Y fqYog YtsnlYshb fqnto fhudm hm ;12[# He vd
etqsgdq qdpthqd fi sn ad sgd rds T ne fqnto fdmdqYsnqr: vd nasYhm sgd nqhfhmYk cdffimhshnm ne Ym YtsnlYshb fqnto#

Hm sghr oYodq vd vhkk bnmrhcdq sgd bYrd vgdm � cdmnsdr sgd rds ne mnm–akhmc cdsdqlhmhrshb 1–bntmsdq
kYmftYfdr: vghbg Yqd cdffimdc Yr enkknvr#

Cdffimhshnm 2:4 ]1–bntmsdp YtsnlYsnm(# � mnm.akhmc cdsdqlhmhrshb 0.bntmsdq XtsnlXsnm hr Y cdsdqlhmhrshb ffimhsd
rsYsd YtsnlYsnm Ytfldmsdc vhsg Ym hmsdfdq bntmsdq: sgd bntmsdq hr hmhshYkhydc sn ydqn: Ymc bYm ad hmbqd–
ldmsdc: cdbqdldmsdc: bnloYqdc sn ydqn Ymc rds sn ydqn ctqhmf nodqYshnm# Enq dYbg bnmffiftqYshnm ne sgd
lYbghmd Ymc rtardptdms hmots kdssdq: sgdqd hr Ys lnrs nmd onrrhakd lnud# Sgd YtsnlYsnm Ybbdosr Y vnqc
dwYbskx he tonm qdYchmf sgd vnqc hs qdYbgdr Ym Ybbdoshmf rsYsd vhsg sgd bntmsdq dptYk sn ydqn#

Hm cqYvhmf Y1–bntmsdq YtsnlYsnm:vd kYadk sqYmrhshnmr ax sgd hmots kdssdq sn ad qdYc:vhsg rtarbqhosr sn cdmnsd
sgd onrrhakd bntmsdq hmrsqtbshnmr:
∙ < Λ sn hmchbYsd sgd dcfd lYx nmkx ad sqYudqrdc he sgd uYktd ne sgd bntmsdq hr Λ#
∙ = Λ ]qdro# +( sn hmchbYsd sgd dcfd lYx nmkx ad sqYudqrdc he sgd uYktd ne sgd bntmsdq hr fqdYsdq ]qdro# kdrr(

sgYm Λ#
∙ )0 sn hmbqdldms sgd bntmsdq ax 0#
∙ −0 sn cdbqdldms sgd bntmsdq ax 0#

Sgd bkYrr �0 ne 1–bntmsdq kYmftYfdr hr bknrdc tmcdq gnlnlnqoghrl Ymc hmudqrd gnlnlnqoghrl ;10[:
hmsdqrdbshnm vhsg qdftkYq kYmftYfdr Ymc ffimhsd tmhnm ;10[: rdd Ykrn ;7: KdllY 3[: Ymc hr rsqhbskx bnmsYhmdc hm
sgd bkYrr ne bnmsdws–eqdd kYmftYfdr ;7: KdllYr 1)2[#

Ud dmc sghr rdbshnm vhsg Y kdllY vghbg hr trdc sn rsqdYlkhmd rdudqYk oqnner hm kYsdq rdbshnmr: Ymc hr
Y qdrsYsdldms ne ;14: KdllY 2#6[#

KdllT 2:5 ]/14: KdllY 2#6[(# Dhw X rxlank XkogXads fi Xmc kds K0 Xmc K1 ad qdftkXq kXmftXfdr nudq fi, Xmc
w ∈ fi∗ X zwdc vnqc, Rgdm sgd rds

]⊗�yv: ywv( { y ∈ K0: v ∈ K1|

hr X qdftkXq kXmftXfd,

He sgd kYmftYfd ne mnqlYk enqlr enq Y j–bntmsdq–fqYog YtsnlYshb fqnto hr YcchshnmYkkx ptYrhfdncdrhb: hs hr
oqnudm hm ;8[ sgYs fhudm Y rsqhmf ne fqnto fdmdqYsnqr ne kdmfsg m: sgd mnqlYk enql vnqc bYm ad bnlotsdc hm
shld M�m1j)1(# Hs hr oqnudm hm ;9[ sgYs mnqlYk enqlr Yqd ptYrhfdncdrhb hm Ymx YtsnlYshb fqnto: Ymc hm ;12[ sgYs
mnqlYk enqlr Yqd ptYrhfdncdrhb hm fqYog–YtsnlYshb fqntor# Hm ;8[ Ym dwYlokd hr fhudm sn rgnv sgYs Y �–fqYog
YtsnlYshb rsqtbstqd mddc mns gYud Y ptYrhfdncdrhb mnqlYk enql kYmftYfd#
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2:2 Sgnlornm-r fpnto �

Sgnlornm”r fqnto D bYm ad dpthuYkdmskx uhdvdc eqnl sgqdd odqrodbshudr:
]1( �r sgd fqnto cdffimdc ax sgd hmffimhsd oqdrdmsYshnm

Chme < ⟨wΛ: w0: w1 ⋅ ⋅ ⋅ { wiwh < whwi)0 vgdmdudq h + i⟩

nq sgd ffimhsd oqdrdmsYshnm

Cffim < ⟨wΛ: w0 { >w−0Λ w0: w−0Λ w0wΛ[: >w−0Λ w0: w−1Λ w0w1Λ[⟩#

]2( �r sgd rds ne ohdbdvhrd khmdYq gnldnlnqoghrlr ne sgd hmsdquYk >Λ: 0[ rYshrexhmf
]Y( dYbg gnldnlnqoghrl gYr ffimhsdkx lYmx khmdYq ohdbdr:
]a( Ykk aqdYjonhmsr gYud bnnqchmYsdr vghbg Yqd cxYchb qYshnmYkr:
]b( Ykk rknodr Yqd onvdqr ne svn#

]3( �r sgd rds ne oYhqr ne qdctbdc ffimhsd qnnsdc ahmYqx sqddr vhsg sgd rYld mtladq ne mncdr: nq bYqdsr#
Enq sgd dpthuYkdmbd ne sgdrd sgqdd hmsdqoqdsYshnmr ne sghr fqnto: Yr vdkk Yr Y lnqd qnatrs hmsqnctbshnm sn sgd
fqnto: vd qdedq sgd qdYcdq sn ;4[#

Sgdqd hr Y rsYmcYqc mnqlYk enql enq dkdldmsr ne D vhsg qdrodbs sn sgd hmffimhsd fdmdqYshmf rds: Yr chrbtrrdc
ax Aqnvm Ymc FdnfgdfYm ;2[# �mx dkdldms f ∈ D bYm ad vqhssdm tmhptdkx: ax Yookxhmf sgd qdkYshnmr eqnl sgd
oqdrdmsYshnm Chme : Yr

wdΛhΛ w
d0
h0 ⋅ ⋅ ⋅ wdlhl w

−em
im ⋅ ⋅ ⋅ w−e0i0 w−eΛiΛ : ]2#1(

vgdqd
]1( Λ ≤ hΛ + h0 + h1 + ⋅ ⋅ ⋅ + hl Ymc Λ ≤ iΛ + i0 + i1 + ⋅ ⋅ ⋅ + im:
]2( dh : ei = Λ enq Ykk h: i:
]3( he wh Ymc w−0h Yqd ansg oqdrdms hm sgd dwoqdrrhnm: sgdm rn hr wh)0 nq w−0h)0#
Udvhkk qdedq sn sghr Yr sgd rsYmcYqc hmffimhsd mnqlYk enql enq f ∈ D. Ym dwoqdrrhnm hm sghr enql hr bYkkdc qdctbdc#
He Ym dwoqdrrhnm ne sgd enql hm ]2#1( bnmsYhmr wh Ymc w−0h ats mns wh)0 nq w−0h)0 enq rnld h: hs hr bYkkdc tmqdctbdc#
QdkYshnmr eqnl Chme ltrs ad Yookhdc sn nasYhm Ym dpthuYkdms dwoqdrrhnm rYshrexhmf sgd sghqc bnmchshnm Yanud:
Ymc sgdm sgd qdrtkshmf dwoqdrrhnm hr qdctbdc#

3 � 1.bntmsdp kTmftTfd ne mnplTk enplr enp dkdldmsr ne �
Hm sghr rdbshnmvd cdffimd Y kYmftYfd ne mnqlYk enqlr: aYrdc nm sgd rsYmcYqc hmffimhsd mnqlYk enql enq dkdldmsr
ne D: vghbg xhdkcr Y 0–bntmsdq fqYog YtsnlYshb rsqtbstqd enq D# He f ∈ D: kds v cdmnsd sgd hmffimhsd mnqlYk enql
enq f fhudm hm ]2#1(# Eqnl sgd dwoqdrrhnm v: cdffimd Y mnqlYk enql nudq sgd ffimhsd YkogYads ],: X: a| Yr enkknvr#
]1( Ehqrs: vd qdpthqd sgYs dudqx fdmdqYsnq adsvddm wΛ Ymc wL YoodYq svhbd hm sgd dwoqdrrhnm hm ]2#1(: vgdqd

L < lYw]hl : im|# Sn Ybbnlokhrg sghr: hmrdqs wΛs enq Ymx hmcdw s ≤ L mns YoodYqhmf hm ]2#1(# Sghr xhdkcr
Y vnqc ne sgd enql

wqΛΛ w
q0
0 w

q1
1 ⋅ ⋅ ⋅ wqLL w

−rL
L ⋅ ⋅ ⋅ w−r11 w−r00 w−rΛΛ : ]3#1(

vgdqd qh : rh ≥ Λ: dwYbskx nmd ne qL : rL hr mnmydqn: Ymc qhrh = Λ hlokhdr qh)0 ) rh)0 = Λ#
]2( Rdbnmc: qdvqhsd sgd dwoqdrrhnm hm ]3#1( hm sgd enql

XqΛarΛ,Xq0ar0, ⋅ ⋅ ⋅ ,XqL arL :

vgdqd qh : rh ≥ Λ: dwYbskx nmd ne qL : rL hr mnmydqn: Ymc qhri = Λ hlokhdr qh)0 ) rh)0 = Λ#
Cdffimd K∞ sn ad sgd rds ne Ykk rtbg rsqhmfr rYshrexhmf sgdrd bnmchshnmr nm qh Ymc rh: snfdsgdq vhsg sgd dlosx

rsqhmf#
�r Ym dwYlokd: sgd dkdldms vhsg rsYmcYqc hmffimhsd mnqlYk enql

w10w
2
3w

−0
7 w−54 w−13

gYr sgd enkknvhmf qdoqdrdmsYshud hm sgd kYmftYfd K∞:

,XX,,,XXXaa,aaaaaa,,,a#
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pΛrsYqs

p0

p1

,

X

a

,

X

a

a

X

X

,

a

a

,

a

,

Ehftpd 1: � ymhsd rsYsd YtsnlYsnm Ybbdoshmf sgd kYmftYfd J∞# �bbdos rsYsdr Ypd pfi : p0 : p1#

Mnsd sgYs he sgd kYqfdrs hmcdw hm sgd rsYmcYqc hmffimhsd mnqlYk enql rsqhmf v hr j: sgdm sgd mnqlYk enql
rsqhmf hm K∞ qdoqdrdmshmf v bnmsYhmr dwYbskx j , rxlankr#

KdllT 3:1: Rgd kXmftXfd K∞ hr X mnqlXk enql enq D, Xmc hr X qdftkXq kXmftXfd,

Oqnne, Sgd oqnbdctqd cdrbqhadc Yanud bkdYqkx fhudr Y ahidbshnm adsvddm sgd rds ne rsYmcYqc hmffimhsd mnqlYk
enqlr enq dkdldmsr ne D Ymc sgd kYmftYfd K∞# Sn rdd sgYs sghr kYmftYfd hr qdftkYq:vdfhud Yffimhsd rsYsdlYbghmd
vghbg Ybbdosr hs hm Ehftqd 1# Sgd YtsnlYsnm nmkx Ybbdosr rsqhmfr ne sgd enql ε: Xh : ah : v,Xh : v,ah vhsg h = Λ
Ymc v Y vnqc hm ]X: a: ,|∗ vhsg mn rtavnqc aX: Ymc he v gYr Y rtavnqc Xa: sgdm Ymx lYwhlYk rtarsqhmf ne
sgd enql

Xj0aj1,Xj1ak1, ⋅ ⋅ ⋅ ,Xjy aky,:

vgdqd Ykk jh : kh = Λ hr hlldchYsdkx enkknvdc ax Xi, nq ai,#

Sn oqnud sgYs sghr kYmftYfd ne mnqlYk enqlr hr ptYrhfdncdrhb vd ptnsd Y oqnonrhshnm oqnudm ax Atqhkkn hm ;3[#

Mpnonrhshnm 3:2 ]/3: Opnonrhshnm 2[(# Kds f ∈ D gXud rsXmcXqc hmzmhsd mnqlXk enql

wd0h0 w
d1
h1 ⋅ ⋅ ⋅ wdlhl w

−em
im ⋅ ⋅ ⋅ w−e1i1 w−e0i0

Xmc cdzmd

� <
l
⋅
k<0
dk )

m
⋅
k<0
ek ) hl ) im #

Rgdm �
5 − 1 ≤ k�f( ≤ 2�,vgdqd k�f( cdmnsdr sgd vnqc kdmfsg ne f vhsg qdrodbs sn sgd zmhsd fdmdqXshmf rds ]wΛ: w0|,

Trhmf Oqnonrhshnm 3#2 vd oqnud sgd enkknvhmf oqnonrhshnm#

Mpnonrhshnm 3:3: Rgd kXmftXfd K∞ hr ptXrhfdncdrhb,

Oqnne, Kds f gYud rsYmcYqc hmffimhsd mnqlYk enql wd0h0 w
d1
h1 ⋅ ⋅ ⋅ wdlhl w

−em
im ⋅ ⋅ ⋅ w−e1i1 w−e0i0 vghbg vd Yksdq Yr Yanud sn sgd

dwoqdrrhnm hm ]3#1(:
wqΛΛ w

q0
0 ⋅ ⋅ ⋅ wqLL w

−rL
L ⋅ ⋅ ⋅ w−r00 w−rΛΛ

hmvghbg dYbg hmcdwΛ sgqntfgL < lYw]hl : im| YoodYqr svhbd: Yksgntfgonrrhakxvhsg ydqn dwonmdms# He qj < Λ
]qdro# rj < Λ(: sgdm qj < dh ]qdro# rj < eh(: enq rnld h ≤ L# Sgd kdmfsg ne sgd qdrtkshmf mnqlYk enql enq f hm sgd
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kYmftYfd K∞ hr sgdm
L
⋅
k<Λ

�qk ) rk( ) L <
l
⋅
k<0
dk )

m
⋅
k<0
ek ) L < �⬦#

Hs hr bkdYq sgYs � ≤ �⬦ ≤ 1�: Yr L < lYw]hl : im|# Bnlahmhmf sghr vhsg sgd hmdptYkhsx hm Oqnonrhshnm 3#2 vd
nasYhm

�⬦

01 − 1 ≤
�
5 − 1 ≤ k�f( ≤ 2� ≤ 2�⬦

Ymc gdmbd K∞ hr Y kYmftYfd ne ptYrhfdncdrhb mnqlYk enqlr enq dkdldmsr ne D#

Mdws vd bnmrhcdq sgd ltkshokhdq kYmftYfdr Kw+0Λ Ymc Kw+00 # Hs hr oqnudm hm ;8[ sgYs enq C < ]qdftkYq kYmftYfdr|
nq �0 < ]1–bntmsdq kYmftYfdr| vd gYud Kw ∈ C ]qdro# �0( he Ymc nmkx he Kw+0 ∈ C ]qdro# �0(# Gdmbd hs rtffbdr
sn bnmrhcdq nmkx sgd ltkshokhdq kYmftYfdr Kw+0Λ Ymc Kw+00 #
Mpnonrhshnm 3:4: Rgd kXmftXfd Kw+0Λ < ]⊗�t: u( { t: u ∈ K∞: tw−0Λ <D u| hr qdftkXq,

Oqnne, Kds f ∈ D vhsg K∞ mnqlYk enql

t < XqΛarΛ,Xq0ar0, ⋅ ⋅ ⋅ ,XqL arL

Ymc hmffimhsd mnqlYk enql v# Ud bnmrhcdq svn bYrdr: cdodmchmf nm vgdsgdq vw−0Λ hr YkqdYcx hm hmffimhsd mnqlYk
enql: nq ltrs ad rhlokhffidc hm nqcdq sn nasYhm sgd hmffimhsd mnqlYk enql#

Ehqrs rtoonrd sgYs vw−0Λ hr hm hmffimhsd mnqlYk enql# Sghr nbbtqr he Ymc nmkx he Ymx nmd ne sgd enkknvhmf
bnmchshnmr gnkcr:
]1( Sgd dwoqdrrhnm v bnmsYhmr mn wΛ sdqlr sn Y onrhshud dwonmdms: sgYs hr: qΛ < Λ#
]2( Sgd dwoqdrrhnm v bnmsYhmr w0 sn Y mnmydqn onvdq: sgYs hr: q0 < Λ nq r0 < Λ#
]3( Sgd dwoqdrrhnm v bnmsYhmr wΛ sn Y mdfYshud onvdq: sgYs hr: rΛ < Λ#
Uqhsd t < XqΛarΛγ ∈ K∞: vgdqd γ hr dlosx nq gYr hmhshYk kdssdq ,# Sgdm u < XqΛarΛ)0γ hr sgd vnqc hm K∞ bnqqd–
ronmchmf sn tw−0Λ #

Mdws rtoonrd sgYs vw−0Λ hr mns hm hmffimhsd mnqlYk enql: rn sgYs mnmd ne sgd Yanud bnmchshnmr gnkc# SgYs
hr: t < XqΛ,,Xq1ar1γ: vgdqd qΛ = Λ Ymc γ hr dhsgdq dlosx ]Ymc Ys kdYrs nmd ne q1: r1 hr ydqn( nq adfhmr vhsg ,#
He q1 < r1 < Λ Ymc γ hr dlosx: sgdm t < XqΛ Ymc u < XqΛ−0 he qΛ = 0: Ymc t < X Ymc u < ϵ he qΛ < 0# Nsgdqvhrd
vw−0Λ hr Ym tmqdctbdc dwoqdrrhnm Ymc gYr sgd enql wdΛΛ w

dh
h ⋅ ⋅ ⋅ w−eii w−0Λ enq rnld h: i = 0# Qdvqhsd sghr dwoqdrrhnm

Yr vw−0Λ < wdΛΛ fiw
−0
Λ : vgdqd fi < wdhh ⋅ ⋅ ⋅ w−eii #

Eqnl sgd hmffimhsd oqdrdmsYshnm enq DvdgYud sgd qdkYshnmr wΛwi)0w−0Λ < wi enq i ≥ 0#UdYookx sghr qdodYsdckx
sn sgd vnqc wdΛΛ fiw

−0
Λ sn nasYhm wdΛ−0Λ fi⬦: vgdqd wh hm fi hr qdokYbdc ax wh−0 sn nasYhm fi⬦# �r mnmd ne sgd dwonmdmsr

Yqd Yksdqdc hm sghr oqnbdrr: Yr vnqcr hm K∞ vd gYud
∙ t < XqΛ,,Xq1ar1γ:
∙ u < XqΛ,Xq1ar1γ
vgdqd u cdmnsdr sgd rsqhmf hm K∞ bnqqdronmchmf sn vw−0Λ #

Tmcdq dhsgdq Yrrtloshnm: kds G ad sgd rds ne bnmunktshnmr ⊗�t: u( vgdqd t Ymc u gYud Ymx ne sgd Yanud
enqlr- Yksdqdc rn sgYs Ymx rsqhmf γ hr Ykknvdc sn khd hm sgd rds ]X: a: ,|∗# Hs enkknvr eqnl KdllY 2#5 sgYs G
hr Y qdftkYq kYmftYfd# Sgdm Kw+0Λ < G ∩ ⊗�K∞: K∞( hr Y qdftkYq kYmftYfd Ymc Ybbdosr dwYbskx sgnrd bnmunkt–
shnmr ⊗�t: u(: vgdqd t: u ∈ K∞ Ymc tw−0Λ <D u#

Udmnv rgnv sgYs sgdltkshokhdq kYmftYfd Kw+00 hr Y cdsdqlhmhrshb mnm–akhmc0–bntmsdq kYmftYfd# Hm KdllY3#7
vd oqnud sghr kYmftYfd bYmmns ad qdftkYq#

Mpnonrhshnm 3:5: Rgd kXmftXfd Kw+00 < ]⊗�t: u( { t: u ∈ K∞: tw−00 <D u| hr X cdsdqlhmhrshb mnm.akhmc 0.bntmsdq
kXmftXfd,

Oqnne, Kds f ∈ D gYud K∞ mnqlYk enql

t < XqΛarΛ,Xq0ar0, ⋅ ⋅ ⋅ ,XqL arL

Ymc hmffimhsd mnqlYk enql v# Ud vhkk YkvYxr trd u sn cdmnsd sgd qdoqdrdmsYshud hm K∞ ne fw−00 # Ud bnmrhcdq
rdudqYk bYrdr cdodmchmf nm sgd uYktd ne bdqsYhm dwonmdmsr#
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BTrd 1: Rtoonrd ffiqrs sgYs rΛ < Λ: sgYs hr: sgd hmffimhsd mnqlYk enql v enq f cndr mns bnmsYhm wΛ sn Y mdfYshud
dwonmdms# Ud bnmrhcdq sgqdd rtabYrdr#

AZrd 1.1. He t < XqΛ enq qΛ ≥ Λ: sgdm u < XqΛ,a#

AZrd 1.2. He t bnmsYhmr Ys kdYrs nmd , rxlank: sgdm vw−00 hr sgd hmffimhsd mnqlYk enql enq fw−00 he Ys kdYrs nmd ne
sgd enkknvhmf bnmchshnmr gnkcr:
]1( Sgd dwoqdrrhnm v bnmsYhmr mn w0 sdqlr sn Y onrhshud dwonmdms: sgYs hr: q0 < Λ#
]2( Sgd dwoqdrrhnm v bnmsYhmr Ym w0 sn Y mdfYshud onvdq: sgYs hr: r0 < Λ#
]3( Sgd dwoqdrrhnm v bnmsYhmr w1 sn Y mnmydqn onvdq: sgYs hr: q1 < Λ nq r1 < Λ#
He vd vqhsd t < XqΛ,Xq0ar0γ ∈ K∞: vgdqd γ hr dlosx nq adfhmr vhsg ,: sgdm u < XqΛ,Xq0ar0)0γ#

AZrd 1.3. He mnmd ne sgd oqduhntr bnmchshnmr gnkc: vd ltrs gYud t < XqΛ,Xq0γ ∈ K∞ vhsg q0 = Λ Ymc γ dhsgdq
dlosx nq γ < ,,γ⬦# Sgd bnqqdronmchmf hmffimhsd mnqlYk enql hr sgdm v < wqΛΛ w

q0
0 η: vgdqd η hr dhsgdq dlosx nq

η < wqhh ⋅ ⋅ ⋅ w
−ri
i enq rnld h: i = 1 Ymc qj : rk = Λ# Sgdm vw−00 < wqΛΛ w

q0
0 ηw−00 # �r hm Oqnonrhshnm 3#4: sghr rhlokhffidr

sn vw−00 < wqΛΛ w
q0−0
0 η⬦: vgdqd w}0h hm η hr qdokYbdc ax w}0h−0 sn nasYhm η⬦# Rhmbd η Ymc η⬦ gYud sgd rYld rdptdmbd

ne dwonmdmsr: vd gYud: enq q0 = Λ:
∙ t < XqΛ,Xq0γ:
∙ ]1( u < XqΛ,Xq0−0 he q0 = 0 Ymc γ hr dlosx:

]2( u < XqΛ he q0 < 0 Ymc γ hr dlosx:
]3( u < XqΛ,Xq0−0,γ⬦ he q0 = 0 Ymc γ < ,,γ⬦#

Kds G cdmnsd sgd qdftkYq kYmftYfd ne bnmunktshnmr ⊗�t: u( Yqhrhmf eqnl BYrd 1: vhsg sgd rsqhmf γ qdokYbdc ax
Ymx rsqhmf hm ]X: a: ,|∗# Sgdm G hr sgd tmhnm ne entq kYmftYfdr: rokhsshmf BYrd 1#3 Ybbnqchmf sn vgdsgdq γ hr
dlosx nq mns# Sgd kYmftYfdr ne oYhqr ⊗�t: u( Yqhrhmf eqnl BYrdr 1#1 nq 1#3 vhsg γ dlosx Yqd bkdYqkx qdftkYq:
Ymc hs enkknvr eqnl KdllY 2#5 sgYs sgd kYmftYfdr Yqhrhmf eqnl BYrdr 1#2 Ymc 1#3: vhsg γ mnmdlosx hm sgd
kYssdq: Yqd Ykrn qdftkYq# Sgtr G hr Y qdftkYq kYmftYfd: Ymc KrΛ<Λ < G ∩ ⊗�K∞: K∞( hr Y qdftkYq kYmftYfd: Ymc
bnmsYhmr dwYbskx sgnrd bnmunktshnmr ne rsqhmfr bnudqdc ax BYrd 1#

BTrd 2: Mdws rtoonrd sgYs rΛ < Λ: rn v dmcr hm w−0Λ : Ymc gdmbd vw−00 hr mns sgd hmffimhsd mnqlYk enql enq fw−00 #
Ud vhkk cdrbqhad KrΛ<Λ: vghbg hr sgd rds ne Ykk rsqhmfr ⊗�t: u( ∈ Kw+00 hm vghbg t rYshrffidr rΛ < Λ#

Ud vhkk Yookx sgd qdkYshnm w−0h w
−0
i < w−0i)0w

−0
h enq h + i qdodYsdckx: sn „otrg“ sgd ffimYk w−00 sn sgd kdes hm sghr

dwoqdrrhnm: Ys sgd „bnrs“ ne hmbqdYrhmf hsr hmcdw#
Kds

v < wdΛhΛ w
d0
h0 ⋅ ⋅ ⋅ wdlhl w

−em
im ⋅ ⋅ ⋅ w−e0i0 w−eΛiΛ ]3#2(

ad sgd hmffimhsd mnqlYk enql enq f: vgdqd eΛ < rΛ < Λ# �ookxhmf sgd qdkYshnm Yanud eΛ shldr sn sgd dwoqdrrhnm
vw−00 xhdkcr

wdΛhΛ w
d0
h0 ⋅ ⋅ ⋅ wdlhl w

−em
im ⋅ ⋅ ⋅ w−e1i1 w−e0i0 ∑w0)eΛ(

−0 w−eΛΛ #

He 0 ) eΛ ≤ i0: sgdm sghr oqnbdrr hr bnlokdsdc: Ymc vd ltrs cdsdqlhmd he sgd qdrtkshmf vnqc hr qdctbdc: nq bYm
ad rhlokhffidc etqsgdq# He 0 ) eΛ = i0: sgdm vd bYm Yookx sgd qdkYshnm YfYhm e0 shldr sn nasYhm

wdΛhΛ w
d0
h0 ⋅ ⋅ ⋅ wdlhl w

−em
im ⋅ ⋅ ⋅ w−e1i1 �w0)eΛ)e0 (−0w

−e0
i0 w−eΛΛ #

Ud bnmshmtd Yookxhmf sghr qdkYshnm tmshk sgd ffiqrs shld vd nasYhm w−0P : vgdqd dhsgdq
∙ P < 0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) em = im: nq
∙ P < 0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) es ≤ is)0 enq rnld 0 ≤ s ≤ m − 0#

AZrd 2.1. Rtoonrd sgYs P = im# Ud ltrs bnmrhcdq sgd qdkYshud uYktdr ne P Ymc L < lYw]hl : il|#
Ehqrs Yrrtld sgYs P = L# Sgdm sgd hmffimhsd mnqlYk enql dwoqdrrhnm enq fw−00 hr

wdΛhΛ w
d0
h0 ⋅ ⋅ ⋅ wdlhl w

−0
P w

−em
im ⋅ ⋅ ⋅ w−e1i1 w−e0i0 w−eΛΛ

vhsg eΛ < Λ# Hs enkknvr sgYs sgd qdoqdrdmsYshudr ne sgd dkdldmsr f Ymc fw−00 hm K∞ Yqd:
∙ t < XqΛarΛγ: vgdqd γ hr dhsgdq dlosx nq rsYqsr vhsg ,: dmcr vhsg X nq a Ymc bnmsYhmr dwYbskxL , rxlankr#
∙ u < XqΛarΛγ,P−La# Mnsd sgYs sgd mtladq ne , rxlankr hm sghr vnqc hr P: Yr qdpthqdc#
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pΛrsYqs p0 p1 p2
∑aa()1

∑XX(

∑XX(: ∑
a
a(=Λ:)0: ∑

,
,(=Λ:−0

∑⬦,(=Λ:−0 ∑⬦a(<Λ

∑⬦,(=Λ:−0

Ehftpd 2: � cdsdplhmhrshb mnm–akhmc 0–bntmsdp YtsnlYsnm trdc hm BYrd 2#1 ne sgd opnne ne Opnonrhshnm 3#5 vgdm P = L# Sgd rsYps
rsYsd hr pfi Ymc sgd Ybbdos rsYsd hr p2#

Sgd cdsdqlhmhrshb mnm–akhmc 0–bntmsdq YtsnlYsnm fhudm hm Ehftqd 2 Ybbdosr dwYbskx sgnrd rsqhmfr ne sgd
enql ⊗�XqΛarΛγ: XqΛarΛγ,P−La( hm vghbg sgd rtffw ne sgd bnmunktshnm gYr sgd bnqqdbs mtladq ne ∑,,( rxlankr
Ymc γ ∈ ]X: a: ,|∗# Ud cdmnsd sghr kYmftYfd ax K⬦# Sgd YtsnlYsnm nodqYsdr Yr enkknvr#
∙ �esdq qdYchmf ∑XX(

h∑aa( sgd uYktd ne sgd bntmsdq hr rds sn 1: Ymc sgd YtsnlYsnm hr hm rsYsd p0#
∙ Enq dYbg ∑aa( qdYc sgd bntmsdq hr hmbqdYrdc ax 1: Ymc enq dYbg ∑,,( sgd bntmsdq hr cdbqdldmsdc ax 1: rn sgYs

Yesdq qdYchmf Y oqdffiw ne Y rsqhmf eqnl K∞ bnmsYhmhmf o bnohdr ne sgd rxlank ∑,,(: sgd uYktd ne sgd bntmsdq
hr dptYk sn

0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) eo−0 − o#

∙ He sgd bntmsdq qdstqmr sn ydqn vghkd Ys rsYsd p0 Yesdq gYuhmf qdYc o bnohdr ne sgd rxlank ∑,,(: vd Yqd mns
hm BYrd 2#1 Ymc sgd hmots hr qdidbsdc: rhmbd sgd dcfd kdYuhmf p0 enq rsYsd p1 bgdbjr sgYs sgd bntmsdq hr
onrhshud#

∙ Nmbd sgd YtsnlYsnm gYr qdYc sgd rsqhmf ⊗�XqΛarΛγ: XqΛarΛγ(: sgd uYktd ne sgd bntmsdq hr

0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) em − L < P − L

rhmbd vd gYud qdYc Ykk sgd ∑aa( kdssdqr hm ⊗�XqΛarΛγ: XqΛarΛγ( YmcL ∑,,( kdssdqr# QdbYkk sgYsL < lYw]hl : im|#
Eqnl gdqd sgd hmots hr Ybbdosdc oqdbhrdkx he sgd qdlYhmhmf kdssdqr sn ad qdYc Yqd ⊗�ε: ,P−La(: Yr udqhffidc
ax sgd YtsnlYsnm#

Sgdm KP=L < K⬦ ∩ ⊗�K∞: K∞( hr Y cdsdqlhmhrshb mnm–akhmc 0–bntmsdq YtsnlYsnm vghbg Ybbdosr dwYbskx sgnrd
rsqhmfr eqnl BYrd 2#1 vghbg rYshrex P = L#

He P < L: vghbg bYm nbbtq he Ymc nmkx he P < hl: vd bkYhl sgYs sgd hmffimhsd mnqlYk enql enq fw−00 hr dhsgdq

wdΛhΛ w
d0
h0 ⋅ ⋅ ⋅ wdl−0hl w−emim ⋅ ⋅ ⋅ w−e1i1 w−e0i0 w−eΛΛ he dl = 0: ]3#3(

nq
wdΛhΛ w

d0
h0 ⋅ ⋅ ⋅ wdl+0hl+0 w−emim ⋅ ⋅ ⋅ w−e11 w−e0i0 w−eΛΛ he dl < 0: ]3#4(

sgYs hr: hm ]3#4( vd gYud hl−0 < im Ymc gdmbd sgdqd hr mn YcchshnmYk bYmbdkYshnm ne sdqlr sgqntfg YookhbYshnm
ne qdkYshnmr eqnl Chme # Ud itrshex sghr rsYsdldms Yr enkknvr#

He hl−0 < im: Yr vd adfYm vhsg Y qdctbdc dwoqdrrhnm hm sgd hmffimhsd mnqlYk enql enq f: vd ltrs gYud
hl < hl−0 ) 0 < im ) 0# Hm BYrd 2#1: hs hr YkvYxr sqtd sgYs

0 ) eΛ ) ⋅ ⋅ ⋅ ) ea ≥ ia)0 ) 0

enq Ykk Λ ≤ a ≤ m# Rn
0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) em−0 ≥ im ) 0

Ymc hs enkknvr sgYs
P < 0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) em ≥ im ) 1 < hl ) 0:

hm vghbg bYrd P < hl# Sgtr hl−0 < im Ymc ]3#4( hr sgd hmffimhsd mnqlYk enql enq fw−00 #
�fYhm kdsshmf tw−00 <D u: hm sghr bYrd vd gYud

∙ t < γ,rXdl : vgdqd γ dmcr hm X nq a:
∙ u < γ,rXdl−0 vgdm dl = 0 Ymc u < γ nsgdqvhrd#
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pΛrsYqs p0 p1 p2

p3p4 p5

∑XX(

∑aa()1 ∑,,(=Λ:−0

∑XX(=Λ: ∑
a
a(=Λ:)0: ∑

,
,(=Λ:−0

∑,◊(=Λ:−0

∑,,(=Λ:−0

∑XX(<Λ

∑XX(

∑X◊(

∑,◊(=Λ:−0
∑X◊(<Λ

Ehftpd 3: � cdsdplhmhrshb mnm–akhmc 0–bntmsdp YtsnlYsnm trdc hm BYrd 2#1 ne sgd opnne ne Opnonrhshnm 3#5 vgdm P < L# Sgd rsYps
rsYsd hr pfi Ymc Ybbdos rsYsdr Ypd p3 Ymc p5# Sgd sno oYsg hr enkknvdc vgdm dl = 0 Ymc sgd anssnl vgdm dl < 0#

Sgd 0–bntmsdq YtsnlYsnm hm Ehftqd 3 Ybbdosr dwYbskx sgnrd bnmunktshnmr ne dkdldmsr ne sgd Yanud enqlr
vhsg γ ∈ ]X: a: ,|∗# Sgd sno khmd ne rsYsdr Ymc sqYmrhshnmr hr enkknvdc vgdm dl = 0 Ymc sgd anssnl khmd
vgdm dl < 0# Mnsd sgYs sgd uYktd ne sgd bntmsdq ltrs dptYk Λvgdm sgd chzdqdmbd hm sgd vnqcr hr cdsdbsdc ax
sgd YtsnlYsnm# Hmsdqrdbshmf sgd kYmftYfd Ybbdosdc ax sghr lYbghmd vhsg ⊗�K∞: K∞( xhdkcr Y kYmftYfd KP<L
bnmrhrshmf dwYbskx ne sgnrd bnmunktshnmr ne rsqhmfr Ybbdosdc hm BYrd 2#1 vhsg P < L#

He P + L: sgdm vd ltrs gYud L < hl Ymc vd bnmrhcdq sgqdd rbdmYqhnr enq sgd rsqhmfr t: u ∈ K∞#
]1( Sgd fdmdqYsnq wP cndr mns YoodYq hm sgd hmffimhsd mnqlYk enql enq f: Ymc gdmbd vd gYud

∙ t < γ,XqP+0arP+0,,η:
∙ u < γ,XqP+0arP+0,a,η#

]2( Sgd fdmdqYsnq wP cndr YoodYq hm sgd hmffimhsd mnqlYk enql enq f: Yr cndr wP)0 Ymc gdmbd vd gYud
∙ t < γ,XqP,XqP�0,η:
∙ u < γ,XqP a,XqP�0,η#

]3( Sgd fdmdqYsnq wP cndr YoodYq hm sgd hmffimhsd mnqlYk enql enq f ats wP)0 cndr mns: Ymc gdmbd vd gYud
∙ t < γ,XqP,,η:
∙ u < γ,XqP−0,η
Yr hm BYrd 1#3#

Hm Ykk sgqdd bYrdr Yanud: η ⊂ ]X: ,|∗#
� ffimhsd rsYsd lYbghmd Ybbdoshmf bnmunktshnmr ne sgd Yanud rsqhmfr ltrs bgdbj sgYs sgd chzdqdmbd hm sgd

rsqhmfr bnldr Ys sgd bnqqdbs onrhshnm. enq sghr vd qdpthqd Y rhmfkd bntmsdq#
Ud mnv athkc Y 0–bntmsdqlYbghmdvghbg Ybbdosr sgd kYmftYfd ne Ykk rsqhmfr ⊗�t: u( Yr Yanudvhsg γ Ymc η

qdokYbdc vhsg Ym YqahsqYqx rsqhmf eqnl ]X: a: ,|∗# DYbg ⊗�t: u( hm sghr kYmftYfd hr sgd bnmbYsdmYshnm ne Y rsqhmf
eqnl Y oqdffiw kYmftYfd vhsg Y rsqhmf eqnl Y rtffw kYmftYfd# Sgd oqdffiw kYmftYfd hr Y mnm–akhmc cdsdqlhmhrshb
0–bntmsdq kYmftYfd aYrdc nm sgd rYld bntmsdq hmrsqtbshnmr Yr hm Ehftqd 3: Ymc adknv vd dwokYhm vgx sgd
bntmsdq ltrs gYud uYktd Λ sn sqYmrhshnm adsvddm sgd svn kYmftYfdr# Sgd rtffw kYmftYfdr: nmd enq dYbg sxod
Yanud: Yqd Ykk qdftkYq Ybbnqchmf sn KdllY 2#5# Sgd oqdffiw Ymc rtffw kYmftYfdr Yqd fhudm hm sgd enkknvhmf
sYakd: vgdqd γ Ymc η cdmnsd vnqcr hm ]X: a: ,|∗#

Sxod ne oThp Mpdffiw kTmftTfd Rtzw kTmftTfd ER� Tbbdoshmf rtzw kTmftTfd

]1( >⊗�yZmai,,: yZmai,a({ vhsg m: i ≥ fi >⊗�η: ,η({ L0
]2( >⊗�y,Zm,: y,Zma({ vhsg m ≥ 0 >⊗�Zi,η: ,Zi,η({ vhsg i = fi L1
]3( >⊗�y,Zm : y,Zm({vhsg m ≥ fi >⊗�Z,,η: ,η({ L2
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pΛrsYqs p0 p1 p2

L0 L2 L1

∑XX(

∑aa()1 ∑,,(=Λ:−0

∑XX(=Λ: ∑
a
a(=Λ:)0: ∑

,
,(=Λ:−0 ∑,,(=Λ:−0

∑,a(<Λ
ε<Λ

∑XX(<Λ

∑XX(

ε ∑,a(

Ehftpd 4: � cdsdplhmhrshb mnm–akhmc 0–bntmsdp YtsnlYsnm vghbg udphydr sgYs sgd bgYmfd hm t Ymc u epnl sgd bYrd P + L nbbtpr
Ys sgd bnppdbs onrhshnm hm sgd vnpc# Sgd rsYps rsYsd hr pfi Ymc Ybbdos rsYsdr Ypd sgd Ybbdos rsYsdr epnl sgd ymhsd rsYsd lYbghmdr
L0 :L1 Ymc L2# �m Yppnv sdplhmYshmf Ys nmd ne sgdrd lYbghmdr hr tmcdprsnnc sn sdplhmYsd Ys sgd rsYps rsYsd ne sgd lYbghmd#

Ehftqd4oqdrdmsr Y0–bntmsdq YtsnlYsnmvghbg Ybbdosr sgd kYmftYfd ne bnmunktshnmr ne bnmbYsdmYshnmr ne
Y oqdffiw Ymc rtffw eqnl sgd Yanud sYakd# �mx Yqqnv sdqlhmYshmf Ys Y rsYsd kYadkdcLh enq h < 0: 1: 2 hr Yrrtldc
sn sdqlhmYsd Ys sgd rsYqs rsYsd ne sgYs lYbghmd# Sgd ε dcfdr bYm ad qdlnudc ats Yqd trdc sn fhud sgd rhlokdrs
cdohbshnm ne sgd lYbghmd#

Sghr YtsnlYsnm hmhshYkkx nodqYsdr vhsg sgd rYld bntmsdq hmrsqtbshnmr Yr hm Ehftqdr 2 Ymc 3: sgYs hr: ∑aa()1
hmhshYkkx enkknvdc ax ∑aa(=Λ:)0 Ymc ∑,,(=Λ:−0: Yr hm Ehftqdr 2 Ymc 3# Mnsd sgYs Yesdq qdYchmf Y oqdffiw hm vghbg
sgdqd Yqd o bnohdr ne sgd rxlank ∑,,(: sgd uYktd ne sgd bntmsdq hr dptYk sn

0 ) eΛ ) eh0 ) ⋅ ⋅ ⋅ ) eho+0 − o#
Hm sgd bYrd P + L: vd gYud 0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) eo−0 = o enq Ykk o: Ymc vd gYud P < 0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) em# He ⊗�t: u(
Yqhrdr hm sgd bYrd P + L: sgd uYktd ne sgd bntmsdq vhkk ffiqrs dptYk Λvgdm P rxlankr ne sgd enql ∑,,( gYud addm
qdYc# He vd chuhcd ⊗�t: u( hmsn Y oqdffiw o Ymc rtffw r trhmf sgd Yanud oqdffiw Ymc rtffw kYmftYfdr: sgd bntmsdq
vhkk ffiqrs dptYk ydqn Yesdq sgd ffimYk ∑,,( hm o gYr addm qdYc# Gdmbd vd udqhex hm sgd lYbghmd hm Ehftqd 4 sgYs sgd
uYktd ne sgd bntmsdq gYr uYktd Λ Yesdq sgd ffimYk ∑,,( hm sgd oqdffiw vnqc adenqd sqYmrhshnmhmf sn sgd rtffw vnqc#

Kds KP+L cdmnsd sgd hmsdqrdbshnm ne sgd kYmftYfd Ybbdosdc ax sgd lYbghmd hm Ehftqd 4 vhsg ⊗�K∞: K∞(#
Sgdm K0 < KP+L ∪ KP<L ∪ KP=L hr sgd kYmftYfd bnmrhrshmf dwYbskx ne sgnrd bnmunktshnmr ne rsqhmfr cdrbqhadc
hm BYrd 2#1#

AZrd 2.2. Enq sgd qdlYhmhmf bYrd: rtoonrd sgYs 0 ) eΛ ) e0 ) ⋅ ⋅ ⋅ ) es−0 < s enq rnld s ≤ im# Adfhmmhmf vhsg sgd
dwoqdrrhnm hm ]3#2( enq sgd hmffimhsd mnqlYk enql ne f: vd bYm vqhsd sgd hmffimhsd mnqlYk enql enq fw−00 Yr

wdΛΛ ⋅ ⋅ ⋅ wdlhl w
−em
hm ⋅ ⋅ ⋅ w−ev�0iv�0 w−0s w

−ev
iv ⋅ ⋅ ⋅ w−eΛΛ # ]3#5(

Ud YfYhm bnmrhcdq rtabYrdr: cdodmchmf nm vgdsgdq nq mns sgd dwoqdrrhnm hm ]3#5( hr sgd hmffimhsd mnqlYk enql
enq fw−00 # Hm dYbg bYrd: vd rgnv sgYs sgd kYmftYfd ]⊗�t: u(| ne Ybbdosdc vnqcr hm sgYs bYrd hr sgd bnmbYsdmY–
shnm ne Y oqdffiw kYmftYfd Ymc Y rtffw kYmftYfd# Sgd rtffw kYmftYfd hr YkvYxr Y qdftkYq kYmftYfd# Sgd oqdffiw
kYmftYfd hr YkvYxr Y cdsdqlhmhrshb mnm–akhmc 0–bntmsdq kYmftYfd# Ughkd hs ffiqrs rddlr khjd sgd kYmftYfd ne
Ykk onrrhakd oqdffiwdr hr Ykrn qdftkYq: vd ltrs trd Y bntmsdq sn dmrtqd sgYs sgd chzdqdmbd adsvddm sgd rsqhmfr
t Ymc u nbbtqr Ys sgd oqnodq okYbd hm sgd rsqhmf# Ud YfYhm trd sgd bntmsdq hmrsqtbshnmr ∑aa()1 enkknvdc ax
∑aa(=Λ:)0 Ymc ∑,,(=Λ:−0: Yr hm Ehftqdr 2 Ymc 3# Mnsd sgYs Yesdq qdYchmf Y oqdffiw hm vghbg sgdqd Yqd o bnohdr ne sgd
rxlank ∑,,(: sgd uYktd ne sgd bntmsdq hr dptYk sn

0 ) eΛ ) eh0 ) ⋅ ⋅ ⋅ ) eho+0 − o#
Ugdm0 ) eΛ ) eh0 ) ⋅ ⋅ ⋅ ) ehs − s < Λ:vd Yqd hm Yonrhshnm sn qdYc sgd YcchshnmYk ws kdssdq hmsqnctbdcaxodqltshmf
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pΛrsYqs p0 L

∑XX(

∑aa()1 ∑X,(<Λ

∑XX(≥Λ: ∑
a
a(=Λ:)0: ∑

,
,(=Λ:−0

Ehftpd 5: � cdsdplhmhrshb mnm–akhmc 0–bntmsdp YtsnlYsnm vghbg Ybbdosr dwYbskx sgnrd rsphmfr epnl BYrd 2#2#1 vhsg
y: η ± >Z: a: ,{∗# Sgd rsYps rsYsd hr pfi Ymc sgd Ybbdos rsYsdr Ypd sgd Ybbdos rsYsdr ne L# �mx Yppnv sdplhmYshmf Ys L hr Yrrtldc
sn sdplhmYsd Ys sgd rsYps rsYsd ne L#

sgd w−00 oYrs fdmdqYsnqr vhsg rlYkkdq hmchbdr trhmf sgd fqnto qdkYshnmr# Sgd oqdffiw rsqhmf YkvYxr sdqlhmYsdr
vhsg sgd chzdqdmbd qdrtkshmf eqnl sgd mdvkx hmsqnctbdc fdmdqYsnq w−0s # Hm BYrd 2#2#1: sghr chzdqdmbd hr sgd
qdlnuYk ne Ym „X“ rxlank sn nasYhm sgd qdctbdc dwoqdrrhnm enq fw−00 # Hm BYrd 2#2#2: sgd oqdffiw rsqhmf YkvYxr
sdqlhmYsdr vhsg sgd rxlank ∑,a( vgdqd sgd „a“ bnqqdronmcr sn sgd w

−0
s #

AZrd2.2.1. He ]3#5( hr mns sgd hmffimhsd mnqlYk enql enq fw−00 : sgdm s < iv)0: sgdqd hr Ym hmcdw o ≤ l rn sgYs ho < s:
Ymc ws)0 hr mns oqdrdms hm sgd mnqlYk enql enq f sn Ymx mnmydqn onvdq: sgYs hr: ho)0 < s ) 0 Ymc iv)0 < s ) 0#
Sghr bYrd hr YmYknfntr sn BYrd 1#3 Yanud: Ymc vd bYm vqhsd
∙ t < γXqs,,η:
∙ u < γXqs−0,η#
Mnsd sgYs dYbg ⊗�t: u( ne sgd Yanud enql bYm ad vqhssdm Yr Y oqdffiw ⊗�γX: γ,( Ymc Y rtffw eqnl sgd kYmftYfd
]⊗�,,η: η(|# He vd qdokYbd γ Ymc η vhsg Ymx rsqhmfr eqnl ]X: a: ,|∗: sgdm hs enkknvr eqnl KdllY 2#5 sgYs sgd
kYmftYfd ne Ykk onrrhakd rtffwdr hr qdftkYq# Kds L cdmnsd sgd ffimhsd rsYsd lYbghmd Ybbdoshmf sgdrd rtffwdr# �r
dwokYhmdc Yanud: vd qdpthqd sgYs sgd uYktd ne sgd bntmsdq ad Λ sn sqYmrhshnm eqnl Y oqdffiwvnqc sn Y rtffwvnqc#

Ehftqd 5 bnmsYhmr Y cdsdqlhmhrshb mnm–akhmc 0–bntmsdq YtsnlYsnm Ybbdoshmf bnmbYsdmYshnmr ne oqdffiw
Ymc rtffw vnqcr ne sghr enql# Kds K1#1#0 ad sgd hmsdqrdbshnm ne sgd kYmftYfd Ybbdosdc ax sghr lYbghmd vhsg
⊗�K∞: K∞(# Sgdm K1#1#0 hr dwYbskx sgd rds ne bnmunktshnmr cdrbqhadc hm BYrd 2#2#1#

AZrd 2.2.2. Mnv rtoonrd sgYs dptYshnm ]3#5( hr sgd hmffimhsd mnqlYk enql enq fw−00 # Sghr nbbtqr hm sgqdd vYxr:
]1( He w−0s hr YkqdYcx hm sgd mnqlYk enql ne f: sgdm

∙ t < γ,Xqs ars,η vhsg rs < Λ:
∙ u < γ,Xqs ars)0,η#

]2( He w−0s hr mns hm sgd hmffimhsd mnqlYk enql enq f: ats ws Ymc dhsgdq ws)0 nq w−0s)0 Yqd oqdrdms: sgdm
∙ t < γ,Xqs,Xqs�0ars�0,η vhsg qs = Λ Ymc qs)0 ) rs)0 = Λ:
∙ u < γ,Xqs a,Xqs�0ars�0,η#

]3( He ansg ws Ymc w−0s Yqd mns oqdrdms hm sgd hmffimhsd mnqlYk enql enq f: sgdm
∙ t < γ,Xqs+0ars+0,,η:
∙ u < γ,Xqs+0ars+0,a,η#
Ud mnv bkYhl sgYs sgd rds ne Ykk rsqhmfr ne sxodr �0(: �1( Ymc �2( Yanud enql Y mnm–akhmc cdsdqlhmhrshb

0–bntmsdq kYmftYfd# Ud YfYhm athkc Y lYbghmd vghbg Ybbdosr sgd kYmftYfd ne rtbg rsqhmfr vhsg γ Ymc η
qdokYbdc ax Ymx rsqhmf hm ]X: a: ,|∗# Hm dYbg bYrdvd mnsd sgYs sgd rds ne rtbgvnqcr bYm ad chuhcdc hmsn Y oqdffiw
kYmftYfd vghbg hr Y 0–bntmsdq kYmftYfd Ymc Y rtffw kYmftYfd vghbg hr qdftkYq: Ymc sgd uYktd ne sgd bntmsdq
ltrs adΛ sn sqYmrhshnm adsvddm sgd svn kYmftYfdr# Sgdoqdffiw Ymc rtffw kYmftYfdr enq dYbg sxod ne oYhq⊗�t: u(
khrsdc hm BYrd 2#2#2 Yqd fhudm hm sgd enkknvhmf sYakd#

Sxod ne oThp Mpdffiw kTmftTfd Rtzw kTmftTfd ER� Tbbdoshmf rtzw kTmftTfd

]1( >⊗�y,Zmai,: y,Zmai)0({ vhsg m ≥ fi: i ≥ 0 >⊗�η: ,η({ L0
]2( >⊗�y,Zm,: y,Zma({ vhsg m ≥ 0 >⊗�Zη: ,Zη({ ∪ >⊗�aη: ,aη({ L1
]3( >⊗�y,,: y,a({ >⊗�η: ,η({ L0
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pΛrsYqs p0

L0 ]Sxod ]1((

L0 ]Sxod ]3(( L1 ]Sxod ]2((

∑XX(

∑aa()1

∑XX(=Λ: ∑
a
a(=Λ:)0: ∑

,
,(=Λ:−0

∑XX(<Λ

∑aa(<Λ∑,a(<Λ ∑aa(

∑XX(

∑,a(

∑,a(

∑aa(

Ehftpd 6: � cdsdplhmhrshb mnm–akhmc 0–bntmsdp YtsnlYsnm trdc hm BYrd 2#2#2 ne sgd opnne ne Opnonrhshnm 3#5# Sgd rsYps rsYsd hr
pfi. Ymx Yppnv sdplhmYshmf Ys L0 np L1 hr Yrrtldc sn dmc Ys sgd rsYps rsYsd ne sgd YoopnophYsd lYbghmd# �bbdos rsYsdr ne sghr
lYbghmd Ypd sgd Ybbdos rsYsdr ne L0 Ymc L1#

Sgd qdYrnmhmf fhudm Ys sgd adfhmmhmf ne BYrd 2#2 hlokhdr sgYs he ⊗�t: u( hr Y oYhq hm sghr bYrd: sgdm sgd
uYktd ne sgd bntmsdq Ys sgd dmc ne sgd oqdffiw rsqhmf hr dptYk sn ydqn Sghr uYktd hr udqhffidc hlldchYsdkx Yesdq sgd
s–sg ∑,,( rxlank hr qdYc ax sgd lYbghmd hm sgd oqdffiw vnqc#

Ehftqd 6 bnmsYhmr Y cdsdqlhmhrshb mnm–akhmc 0–bntmsdq kYmftYfd Ybbdoshmf bnmbYsdmYshnmr ne oqdffiw Ymc
rtffw vnqcr hm sghr bYrd: vhsg YqahsqYqx rsqhmfr γ Ymc η# Kds K1#1#1 ad sgd hmsdqrdbshnm ne sgd kYmftYfd Ybbdosdc
ax sgd lYbghmd hm Ehftqd 6 vhsg sgd qdftkYq kYmftYfd ⊗�K∞: K∞(# Sgdm sgd kYmftYfd ne Ykk ⊗�t: u( Ybbdosdc
hm BYrd 2#2 hr dwYbskx K1 < K1#1#0 ∪ K1#1#1 vghbg hr Y cdsdqlhmhrshb mnm–akhmc 0–bntmsdq kYmftYfd#

Kds KrΛ<Λ < K0 ∪ K1: Ymc hs enkknvr sgYs Kw+00 < KrΛ<Λ ∪ KrΛ<Λ hr Y cdsdqlhmhrshb mnm–akhmc 0–bntmsdq kYm–
ftYfd: Yr qdpthqdc#

Ud gYud mnv oqnudm sgd enkknvhmf sgdnqdl#

Sgdnpdl 3:6: Rgnlornm-r fqnto D hr cdsdqlhmhrshb mnm.akhmc 0.bntmsdq fqXog XtsnlXshb vhsg qdrodbs sn sgd
fdmdqXshmf rds T < ]w}0Λ : w}00 | Xmc rxlank XkogXads ]X: a: ,|,

Rhmbd 1–bntmsdq kYmftYfdr Yqd ]rsqhbskx( bnmsYhmdc hm sgd bkYrr ne bnmsdws–eqdd kYmftYfdr: vd nasYhm sgd bnqnk–
kYqx sgYs D hr bnmsdws–eqdd fqYog YtsnlYshb# Ud mnv rgnv sgYs vd bYmmns hloqnud tonm sghr qdrtks trhmf sgd
kYmftYfd K∞ he mnqlYk enqlr enq dkdldmsr ne D#

KdllT 3:7: Rgnlornm-r fqnto D hr mns fqXog XtsnlXshb vhsg qdrodbs sn sgd mnqlXk enql K∞ Xmc XkogXads
]X: a: ,| fhudm Xanud,

Oqnne, Rtoonrd Kw+00 vYr Y qdftkYq kYmftYfd: vhsg otlohmf kdmfsg o# Sgd rsqhmf ⊗�ao : ao,o)0a( hr hm sgd
kYmftYfd: qdoqdrdmshmf
∙ t <D w

−o
Λ :

∙ u <D w−0o)0w
−o
Λ <D w

−o
Λ w−00 #
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Ax sgd Otlohmf KdllY enq QdftkYq KYmftYfdr: ⊗�ao : ao,o)0a( bYm ad oYqshshnmdc hmsn wxy vhsg {wx{ ≤ o:
{x{ = Λ Ymc wxhy ∈ Kw+00 enq Ykk h ∈ ℕ# Gnvdudq: sgd bnmunktshnm ⊗�ao)l : ao)l,o)0a(: enq Ymx l = Λ: cndr mns
khd hm Kw+00 Yr sgd rdbnmc vnqc cndr mns gYud sgd bnqqdbs mtladq ne , rxlankr: sgYs hr: w−�o)l(

Λ w−00 < w−00)ow
o)l
Λ #

Gdmbd Kw+00 hr mns Y qdftkYq kYmftYfd#

�bimnukdcfldms* Sgd Ytsgnqr vhrg sn sgYmj RdYm BkdYqx: Ana FhklYm: �kdwdh LhYrmhjnu Ymc drodbhYkkx
RgYqhe Wntmdr enq lYmx gdkoetk chrbtrrhnmr ctqhmf sgd vqhshmf ne sghr oYodq#

Etmchmf* Sgd ffiqrs Ytsgnq hr rtoonqsdc ax �trsqYkhYm QdrdYqbg Bntmbhk fqYms ES110100178# Sgd rdbnmc
Ytsgnq Ybjmnvkdcfdr rtoonqs eqnl MYshnmYk Rbhdmbd EntmcYshnm fqYms CLR–1105407 Ymc Rhlnmr EntmcY–
shnm fqYms 31736 sn Anvcnhm Bnkkdfd#

Pdedpdmbdr
/1[ C# Adpchmrjx Ymc A# JgntrrYhmnu: Nm YtsnlYshb spYmrhshud fpYogr: hm* Cdudknoldmsr hm JZmetZed Sgdnqx: Kdbstpd Mnsdr hm

Bnlots# Rbh# 8633: Kdbstpd Mnsdr hm Bnlots# Rbh# ]2fi14(: 1)12#
/2[ J# R# Apnvm Ymc Q# FdnfgdfYm: �m hmymhsd–chldmrhnmYk snprhnm–epdd EO∞ fpnto: Gmudms.LZsg. 77 ]1984(: mn# 2: 367)381#
/3[ I# Atphkkn: PtYrh–hrnldsphbYkkx dladccdc rtafpntor ne Sgnlornm-r fpnto E : I. �kedaqZ 212 ]1999(: mn# 1: 65)78#
/4[ I# V# BYmmnm: V# I# Eknxc Ymc V# Q# OYppx: Hmspnctbsnpx mnsdr nm QhbgYpc Sgnlornm-r fpntor: Dmrdhem.LZsg. .2( 42 ]1996(:

mn# 3)4: 215)256#
/5[ R# BkdYpx: R# Gdplhkkdp: L# Rsdhm Ymc I# SYaYbj: SYld bnlahmf Ymc Yklnrs bnmudwhsx bnmchshnmr:LZsg. W. 269 ]2fi11(:

mn# 3)4: 879)915#
/6[ R# BkdYpx Ymc I# SYaYbj: RddrYv vnpcr hm Sgnlornm-r fpnto E : hm* Fdnldsqhb Ldsgncr hm Fqnto Sgdnqx: Bnmsdlo# LYsg#

372: �ldphbYm LYsgdlYshbYk Rnbhdsx: Opnuhcdmbd ]2fifi5(: 147)159#
/7[ L# Dkcdp: � bnmsdws–epdd Ymc Y 1–bntmsdp fdncdrhb kYmftYfd enp Y AYtlrkYf)RnkhsYp fpnto: Sgdnqds. Anlots. Rbh. 339

]2fifi5(: mn# 2)3: 344)371#
/8[ L# Dkcdp Ymc I# SYaYbj: �–fpYog YtsnlYshb fpntor: I. �kedaqZ 413 ]2fi14(: 289)319#
/9[ C# A# �# Dorsdhm: I# V# BYmmnm: C# E# Gnks: R# U# E# Kdux: L# R# OYsdprnm Ymc V# O# Sgtprsnm:Tnqc Nqnbdrrhme hm Fqntor: Inmdr

Ymc AYpskdss: Anrsnm: 1992#
/1fi[ R# �# FpdhaYbg: QdlYpjr nm akhmc Ymc oYpshYkkx akhmc nmd–vYx ltkshbntmsdp lYbghmdr: Sgdnqds. Anlots. Rbh. 7 ]1978(:

mn# 3: 311)324#
/11[ U# R# FtaY Ymc L# U# RYohp: Sgd Cdgm etmbshnm Ymc Y pdftkYp rds ne mnplYk enplr enp Q# Sgnlornm-r fpnto E : I. �trs.LZsg.

Rnb. Rdq. � 62 ]1997(: mn# 3: 315)328#
/12[ N# JgYpkYlonuhbg: A# JgntrrYhmnu Ymc �# LhYrmhjnu: Epnl YtsnlYshb rsptbstpdr sn YtsnlYshb fpntor: Fqntor Fdnl.

Cxm. 8 ]2fi14(: mn# 1: 157)198#
/13[ U# RgohkpYhm Ymc �# TrgYjnu: Sgnlornm-r fpnto Ymc otakhb jdx bpxosnfpYogx: hm* �ookhdc AqxosneqZogx Zmc Mdsvnqi

Rdbtqhsx: Kdbstpd Mnsdr hm Bnlots# Rbh# 3531: Rophmfdp: Adpkhm ]2fifi5(: 151)163#
/14[ I# SYaYbj Ymc R# Wntmdr: Spdd–aYrdc kYmftYfd bnlokdwhsx ne Sgnlornm-r fpnto E : Fqntor Anlokdw. Aqxosnk. 7 ]2fi15(:

mn# 2: 135)152#
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