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Cghr hr T epdd neeophms opnuhcdc sn sgd Ttsgnp av sgd otaihrgdp� .novphfgs pdrsphbshnmr lTv Tooiv�

OPNADDCHMFR NE SGD
8LDPHA8M L8SGDL8SHA8I RNAHDSV
Tnitld 043� Mtladp 6� 8tetrs 1,15� OYedr 2412y243,
gssor9..cnh�npf.0/�0/7/.opna.06516

8pshbid didbspnmhbYiiu otaihrgdc nm LYu 15� 1,15

RTODP,HMDEE:AHIHSW :MC MNPL:I UDIBG F:LDR

ITKH;M DRGJNK+ L;SSGDV ENQDL;M+ ;MC LDM;BGDL L;FHCNQ

”Bnlltmhb]sdc ax Udq] Ehrbgdq(

9arsqUbs- Sghr o]odq fdmdq]khydr hm mhsd f]ldr ok]xdc vhsg  ksdqr nm ]kfd,

aq]r eqnl sgd Tdkbg FWldr sn ok]xhmf mnqlWk  ksdqr sg]s bnmbdmsq]sd nm ]

 wdc a]rd rds-

Bnmsdmsr

0- Hmsqnctbshnm 2412
1- A˙bjfqntmc l˙sdqh˙k 2414
2- Dpthu˙kdmbd ne sgd f˙ldr 2421
3- Bnlo˙qhmf bnlokdsd hmdff˙ahkhsx ˙mc l,hmdff˙ahkhsx 2423
4- Sgd oqnne ne sgd l˙hm sgdnqdl 2427
Pdedqdmbdr 2428

0- Hmsqnctbshnm

Vnqj ne F˙kuhm+ Idbg+ Oqhjqx ˙mc L˙fhcnq ’Z1.“+ Z01“( hm sgd 086.r khmjdc f˙ldr
vhsg oqdbhohsntr hcd˙kr- Sgdrd qdrtksr lnshu˙sdc Gnkx+ Mhdkrdm+ Rbgkhbgs ˙mc Vdkbg
’Z04“+ Z18“( sn bnmrhcdq f˙ldr vdqd Ok˙xdq H ok˙xr ˙m hmbqd˙rhmf rdptdmbd ne κ,
˙kfdaq˙r ˙mc Ok˙xdq HH ok˙xr ˙m hmbqd˙rhmf rdptdmbd ne κ,bnlokdsd fiksdqr nm sgd
˙kfdaq˙r- Sgdx rgnvdc sg˙s Ok˙xdq HH g˙uhmf ˙ vhmmhmf rsq˙sdfx hm sgd ˙ooqnoqh˙sd
f˙ldr v˙r dpthu˙kdms sn u˙qhntr enqlr ne P˙lrdx B˙qchm˙kr-
Sghr kdc sn sgd vnqj ne sgd rdbnmc ˙mc sghqc ˙tsgnqr vhsg Wdl˙m ’Z00“( sg˙s

bg˙q˙bsdqhydc dw˙bskx vgdm Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx hm sdqlr ne oqdbhohsntr
hcd˙kr- Udqrhnmr ne sgd f˙ld g˙ud chffdqdms kdmfsgr- Sgd ˙rrtloshnmr sg˙s Ok˙xdq
HH b˙m vhm f˙ldr ne o˙qshbtk˙q kdmfsgr γ e˙bhkhs˙sdr sgd cdfimhshnm ne ˙ ghdq˙qbgx ne
b˙qchm˙kr ne oqnu˙akx hmbqd˙rhmf rsqdmfsg adsvddm ˙ vd˙jkx bnlo˙bs b˙qchm˙k ˙mc
sgd fiqrs ld˙rtq˙akd b˙qchm˙k ’˙rrtlhmf sgd mnm,dwhrsdmbd ne r˙stq˙sdc hcd˙kr nm sgd
b˙qchm˙kr κ(- Rdd Z00“ enq cds˙hkr-0 Gnvdudq sgd ldsgncr chc mns ˙kknv rodbhexhmf ˙
rds >. hm ˙cu˙mbd ˙mc athkchmf ˙ mnql˙k oqdbhohsntr hcd˙k sg˙s bnmbdmsq˙sdr nm >.-
Sghr hr cnmd ax bg˙mfhmf sgd Vdkbg F˙ld rkhfgskx sn ad sgd MnqlWk Udkbg FWld-
Hmsdqdrshmf dw˙lokdr ne rdsr >. lhfgs ad sgd bnkkdbshnm ne rtodqbnlo˙bs b˙qchm˙kr

kdrr sg˙m κ+ nq sgd rds ne ld˙rtq˙akd b˙qchm˙kr  , κ ne nqcdq 1 nq - - - -

Qdbdhudc ax sgd dchsnqr Itkx 16+ 1/14+ ]mc+ hm qduhrdc enql+ Cdbdladq 0/+ 1/14-

1/1/ IWsgdlWshbr Rtaidbs AkWrrhfibWshnm- Oqhl]qx /2D44-
Sgd  qrs ]mc rdbnmc ]tsgnqr vdqd o]qsh]kkx rtoonqsdc ax MRE fq]ms CLR,14/410/: sgd rdbnmc

]tsgnq v]r ]krn rtoonqsdc ctqhmf ] uhrhs sn sgd L]w Ok]mbj Hmrshstsd ne L]sgdl]shbr+ Anmm+

Fdql]mx- Sgd sghqc ]tsgnq v]r o]qsh]kkx rtoonqsdc ax HRE fq]ms 573,06-
0Sgd ghdq]qbgx hr ne oqnu]akd rsqdmfsg+ mns bnmrhrsdmbx rsqdmfsg-

b 1,15 8ldphbYm LYsgdlYshbYi Rnbhdsu
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Sgd l˙hm qdrtks hm sghr o˙odq hr9

Sgdnpdl 0- Ids κ ad Wm hmWbbdrrhakd bWqchmWk vhsg 1κ ; κ)- Ids >. • κ Wmc
rtoonrd sgWs sgdqd hr mn mnqlWk κ),rWstqWsdc hcdWk nm κ bnmbdmsqWshmf nm >.- Ids
γ ∈ Z�0.κ“ ad qdftkWq- Sgdm sgd enkknvhmf Wqd dpthuWkdms.

’=( NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd MnqlWk Udkbg FWld ne kdmfsg γ
aWrdc nm >.-

’A( κ hr bnlokdsdkx hmd Wakd Wmc >. hr onrhshud enq sgd Anlokdsdkx Hmd Wakd HcdWk
Wmc sgdqd hr W sgqdWchmf hcdWk G bnmbdmsqWshmf nm >. vhsg W bknrdc cdmrd
sqdd C • M’κ(<G sgWs gWr gdhfgs γ Wmc hr bknrdc tmcdq cdrbdmchmf rdptdmbdr
ne kdmfsg kdrr sgWm γ- Hm oWqshbtkWq G hr W oqdbhohsntr hcdWk dwsdmchmf sgd
Anlokdsdkx Hmd Wakd HcdWk-

Lnqdnudq.

’0( He NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd Udkbg FWld ne kdmfsg � sgdm κ
hr bnlokdsdkx hmd Wakd-

’1( He NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd Udkbg FWld C∗
� ne kdmfsg �

sgdqd hr W oqdbhohsntr sgqdWchmf hcdWk dwsdmchmf sgd Anlokdsdkx Hmd Wakd
HcdWk- He sgd fWld bnmbdmsqWsdr nm >. sgdm sgd oqdbhohsntr sgqdWchmf hcdWk
bnmbdmsqWsdr nm >.-

1

Sgtr nmd b˙m athkc lncdkr vgdqd Ok˙xdq HH vhmr sgd Mnql˙k Vdkbg F˙ld ne
kdmfsg ne kdmfsg γ a˙rdc nm rdsr rtbg ˙r { , κ 9 n’ ( ;  )){ nq nm sgd rds
{λ , κ 9 λ hr , κ rtodqbnlo˙bs{zdrrdmsh˙kkx ˙mx fhudm cdfim˙akd rs˙shnm˙qx rds
sg˙s hr onrhshud vhsg qdrodbs sn sgd Bnlokdsdkx Hmdff˙akd Hcd˙k- Vd fhud sgd oqnne
ne Sgdnqdl 0 hm Rdbshnm 4-

PdlWqi 1- Hm Z00“ sgd f˙ld C∗
� v˙r cdfimdc sn ad sgd Vdkbg F˙ld ne kdmfsg �

vgdqd sgd vhmmhmf bnmchshnm enq Ok˙xdq HH v˙r sg˙s sgdqd v˙r ˙ κ,bnlokdsd tksq˙fiksdq
dwsdmchmf ˙kk ne Ok˙xdq HH”r ok˙xr ˙s rs˙fdr l , �- Sgd ˙qftldms enq Oqnonrhshnm 3-5
ne Z00“ rgnvr sg˙s he Ok˙xdq HH b˙m vhm C∗

� sgdm sgdx b˙m vhm sgd mnql˙k udqrhnm ne
C∗
� ’ats vhsgnts ˙ rodbhfidc >.(- Sgtr hm sgd oqnner ne Sgdnqdl 0+ nmd b˙m ˙rrtld
Ok˙xdq HH hr ok˙xhmf mnql˙k hcd˙kr-
He Ok˙xdq HH b˙m vhm ˙mx udqrhnm ne sgd Vdkbg F˙ldr ne kdmfsg ˙mx γ ≥ � ) 0+

sgdm Ok˙xdq HH b˙m vhm sg˙s udqrhnm ne C∗
�- Gdmbd sgd bnqqdronmchmf oqdbhohsntr

hcd˙kr dwhrs-

He κ hr vd˙jkx bnlo˙bs sgdm sgd Jhdrkdq,S˙qrjh Sgdnqdl hlokhdr sg˙s Ok˙xdq HH
g˙r ˙ vhmmhmf rsq˙sdfx hm sgd nqchm˙qx Vdkbg F˙ld ne kdmfsg �- Hs v˙r ˙ rtqoqhrd
sg˙s Sgdnqdl 0 hlokhdr9

BnpniiYpw 2- Rtoonrd sgWs NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd nqchmWqx Udkbg
FWld C∗

� okWxdc nm W qdftkWq bWqchmWk κ vhsg 1κ ; κ) sgWs cndr mns bWqqx W mnqlWk
κ),rWstqWsdc hcdWk- Sgdm κ hr bnlokdsdkx hmd Wakd- Hm oWqshbtkWq he NkWxdq HH bWm
vhm sgd nqchmWqx Udkbg FWld ne kdmfsg γ enq Wmx nqchmWk γ / � sgdm κ hr bnlokdsdkx
hmd Wakd-

Sgd bnmudqrdr ˙qd ˙krn sqtd9 he sgdqd ˙qd cdmrd bknrdc sqddr+ sgdm Ok˙xdq HH g˙r ˙
vhmmhmf rsq˙sdfx hm sgd mnql˙k f˙ldr ne sgd ˙ooqnoqh˙sd kdmfsg sg˙s ˙qd ok˙xdc nm

1Sn dlog]rhyd sgd chrshmbshnm adsvddm sgd svn F]ldr vd vhkk trd sgd ogq]rd [nqchm]qx Vdkbg

F]ld� vgdm vd ]qd mns qdedqqhmf sn sgd [mnql]k Vdkbg f]ld-�
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˙mx rds hm sgd ct˙k ne sgd oqdbhohsntr hcd˙k- ’Enq f˙ldr C∗
� ne kdmfsg �+ nmd rgnvr

sg˙s Ok˙xdq HH b˙m vhm sgd F˙kuhm,Idbg,L˙fhcnq f˙ld hm Z01“-(

Bnloidsd Hmd Yahihsw Ymc pdiYsdc hcdYir- Sgdqd hr ˙ k˙qfd ˙mc cddo khsdq˙stqd
˙ants u˙qhntr hcd˙kr qdk˙sdc sn bnlokdsd hmdff˙ahkhsx- Rnld ne sgdl bnqqdronmc
sn ˙ ghdq˙qbgx ne k˙qfd b˙qchm˙k oqnodqshdr b˙kkdc  ,PWlrdx b˙qchm˙kr- Vd cn mns
rtll˙qhyd sgd qdrtksr gdqd ats rdd sgd o˙odqr ne Bncx ˙mc Gnkx Z8“+ Edmf Z0.“+
Fhsl˙m Z02“+ Fhsl˙m ˙mc Vdkbg Z03“+ Gnkx Z05“+ Gnkx ˙mc Kťbjd Z06“+ ˙mc Ingmrnm
Z11“+ Z12“-
Sgd Bnlokdsdkx Hmdff˙akd Hcd˙k v˙r cdfimdc ax A˙tlf˙qsmdq hm Z6“ ˙mc rstchdc

dwsdmrhudkx hm Z11“ ˙mc Z12“ ’˙r vdkk ˙r nsgdq ok˙bdr bhsdc ˙anud(- Sgd hmctbshud
cdfimhshnm hr fhudm hm Rdbshnm 1-2 ˙mc hr trdc hm sgd oqnne ne Sgdnqdl 0-
Hm Z6“ A˙tlf˙qsmdq cdfimdr sgd mnshnm ne ˙m l,hmdff˙akd b˙qchm˙k+ ˙mc rgnvr sg˙s

sghr hr dpthu˙kdms sn etmbshnmr f 9 Zκ“j)0 � 1 g˙uhmf rs˙shnm˙qx gnlnfdmdntr rdsr-
Gd ˙krn fhudr ˙ rdptdmbd ne hcd˙kr ’sgd l,hmdff˙ahkhsx hcd˙kr( enq vghbg oqnodqmdrr hr
dpthu˙kdms sn κ adhmf l,hmdff˙akd- Hm Rdbshnm 3 vd rgnv9

Sgdnpdl 3- Ids κ ad hmWbbdrrhakd- Sgdm

’=( He Gj) sgd lnc rsWfd hm sgd bnmrsqtbshnm ne sgd Anlokdsdkx Hmd Wakd HcdWk hr
oqnodq sgdm sgdqd hr W rsWshnmWqx rds ne δ , κ sgWs Wqd l,hmd Wakd-

’A( He κ hr l)0,hmd Wakd sgdm sgdqd hr W rsWshnmWqx rds ne vdWikx bnloWbs λ , κ
enq vghbg sgd lnc rsWfd ne sgd Anlokdsdkx Hmd Wakd HcdWk bnmrsqtbshnm hr W
oqnodq hcdWk-

Sgtr A˙tlf˙qsmdq”r l,hmdff˙akd hcd˙kr ˙qd mns hcdmshb˙k vhsg ˙mx rs˙fd ne sgd bnm,
rsqtbshnm ne sgd bnlokdsd hmdff˙akd hcd˙- Sghr qdrtks bnmsq˙chbsr u˙qhntr ˙rrdqshnmr
l˙cd vhsgnts oqnne hm nsgdq khsdq˙stqd-

1- AUbifqntmc lUsdqhUk

Sgd l˙hm lnshu˙shnm ne sghr o˙odq hr sn rstcx sgd qdk˙shnmrgho adsvddm o˙qshbtk˙q
AgWkkdmfd Wmc Pdronmrd f˙ldr ˙mc oqdbhohsntr hcd˙kr- [Bg˙kkdmfd ˙mc qdronmrd
f˙ldr� vdqd cdfimdc ˙mc ˙qd rstchdc hm ˙ aqn˙c khsdq˙stqd k˙qfdkx hm nsgdq bnmsdwsr
’Z04“+ Z8“+ Z02“+ Z03“+ Z05“+ Z06“+ Z18“ enq dw˙lokdr(-
Sgd fdmdq˙k rtaidbs l˙ssdq ne sgd qdk˙shnmrgho adsvddm IWqfd AWqchmWkr+ Dwsdmc,

hmf Ehksdqr sn TksqWfiksdqr ˙mc Anmrhrsdmbx Rsqdmfsg g˙r ˙ knmf ˙mc chrshmfthrgdc
ghrsnqx- ’Rdd Z1“+ Z07“+ Z08“+ Z10“+ Z14“+ ˙mc Z17“-(

BgYiidmfd Ymc Pdronmrd FYldr- Hm ˙ Bg˙kkdmfd ˙mc Pdronmrd F˙ld ˙m nqchm˙k
γ hr fiwdc ˙mc Ok˙xdqr H ˙mc HH ˙ksdqm˙sd lnudr9

H A. A0 - - - A A )0 - - -
HH P. P0 - - - P P )0 - - -

Sgd f˙ld oqnbddcr enq rnld kdmfsg Y ≤ γ cdsdqlhmdc ax sgd ok˙x- Ok˙xdq HH
vhmr sgd f˙ld he Ok˙xdq HH hr ˙akd sn qdronmc rtbbdrretkkx ˙bbnqchmf sn sgd qtkdr
enq sgd f˙ld ne kdmfsg γ- He Ok˙xdq HH cndr mns g˙ud ˙m ˙bbdos˙akd qdronmrd nq sgd
rdptdmbd cndrm”s r˙shrex sgd vhmmhmf bnmchshnm enq rdptdmbdr ne kdmfsg γ+ sgdm sgdx
knrd- Sgd f˙ld hr cdsdqlhmdc ax vg˙s bnmrshstsdr sgd bg˙kkdmfdr+ vg˙s bnmrshstsdr
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sgd qdronmrdr ˙mc sgd cdfimhshnm ne ˙ rtbbdrretk rdptdmbd ne qdronmrdr- Sgd f˙ldr
hm sghr o˙odq ˙kk ˙qd bnmbdqmdc vhsg ˙m hm˙bbdrrhakd b˙qchm˙k κ9
Sgd fiqrs svn f˙ldr ˙qd sgd l˙hm snohb ne Z00“-

Sgd npchmYpw Udibg FYld Cγ9 Sghr f˙ld v˙r cdfimdc ax Mhdkrdm ˙mc Vdkbg
hm vnqj sg˙s oqdc˙sdc Z18“+ Hm sghr f˙ld9

• Sgd bg˙kkdmfdr ˙qd ˙ rdptdmbd ne κ,˙kfdaq˙r A 

• Sgd qdronmrdr ˙qd ˙m hmbqd˙rhmf rdptdmbd }T 9  , γ vhsg d˙bg T 
˙ κ,bnlokdsd tksq˙fiksdq nm A -

Sgd fYld C∗
�� Y rspdmfsgdmhmf ne sgd Udibg FYld ne idmfsg �9 Sghr hr

sgd r˙ld ˙r sgd f˙ld C� dwbdos sg˙s enq Ok˙xdq HH sn vhm sgdqd ltrs ad ˙
κ,bnlokdsd tksq˙fiksdq nm

�
j∈� Aj dwsdmchmf

�
j∈� Tj-

Sgd MnplYi Udibg FYld ne idmfsg γ9
• Sgdqd hr ˙ a˙rd rds >. • κ
• Sgd bg˙kkdmfdr ˙qd ˙ rdptdmbd ne κ,˙kfdaq˙r A bnms˙hmhmf >. vhsg
rnld mnql˙khsx bnmchshnmr

• Sgd qdronmrdr ˙qd mnql˙k tksq˙fiksdqr T nm A vhsg >. ∈ T -
Sgd Hmd Yaid Udibg FYld ne idmfsg γ9

• Sgdqd hr ˙ a˙rd rds >.-
• Sgd bg˙kkdmfdr ˙qd ˙ rdptdmbd ne κ,˙kfdaq˙r A bnms˙hmhmf >. vhsg
rnld mnql˙khsx bnmchshnmr

• Sgd qdronmrdr ˙qd rdsr A • κ rtbg sg˙s A fdmdq˙sdr ˙m tksq˙fiksdq
T nm A lnctkn sgd mnm,rs˙shnm˙qx hcd˙k ˙mc enq ˙kk β ,  + Tβ • T -

Sgd Gnkx,Rbgkhbgs f˙ldr ’hm Z04“( ˙qd udqx rhlhk˙q sn sgdUdkbg FWldr- Gnkx,Ktbjd
’hm Z06“( ok˙x ˙ rhlhk˙q f˙ld sn sgd Mnql˙k Vdkbg F˙ld+ ats sgd vhmmhmf bnmchshnmr
˙qd lnqd bnlokhb˙sdc-

PdlWqi 4- Bnmrhcdq svn bnkkdbshnmr ne ,1κ,chqdbsdc κ,˙kfdaq˙r �� • � rtbg sg˙s
enq ˙kk A� ∈ �� sgdqd hr ˙m A ∈ � vhsg A� • A- He Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx
hm sgd f˙ld vgdqd Ok˙xdq H hr qdpthqdc sn ok˙x κ,˙kfdaq˙r hm �+ sgdm Ok˙xdq HH g˙r
˙ vhmmhmf rsq˙sdfx hm sgd f˙ld vgdqd Ok˙xdq H ok˙xr dkdldmsr ne ��-

1-0- RsYmcYpc lYsdphYi- Enq sgd qd˙cdq”r admdfis vd pthbjkx qduhdv rnld ne sgd
rs˙mc˙qc l˙sdqh˙k ˙mc cdfimhshnmr rtbg ˙r he G hr ˙ mnql˙k hcd˙k nm ˙ b˙qchm˙k κ sgdm
vgdmdudq }V 9  , κ ad ˙ rdptdmbd ne dkdldmsr ne G)9

’0( enq ˙kk  , κ+   <κV •A V ˙mc
’1( he A •A V enq ˙kk  sgdm A •A   <κV -

Sgqntfgnts sghr o˙odq vd vhkk ad vnqjhmf hm ˙m hlokhbhs bnmsdws9

• κ hr ˙ qdftk˙q tmbntms˙akd b˙qchm˙k+
• θ hr ˙ qdftk˙q b˙qchm˙k ˙s kd˙rs ’1κ() ˙mc
•  hr ˙ vdkk,nqcdqhmf ne G’θ(-
• ˙ κ,WkfdaqW hr ˙ κ,bnlokdsd Annkd˙m rta˙kfdaq˙ ne M’κ( sg˙s g˙r b˙qchm˙khsx

κ-
• He }∗. ∗ 9 κ · κ � κ hr ˙ o˙hqhmf etmbshnm sgdm dudqx rtards V • κ hr
˙rrnbh˙sdc sn ˙ rdptdmbd ne κ,l˙mx rtardsr }V 9  , κ ne κ- He A hr ˙ κ,
˙kfdaq˙+ sgdm A b˙m cdfimdc sn ad mnqlWk he vgdmdudq V ∈ A enq  , κ+ sgd
rdsr V ∈ A ˙mc   V ∈ A- [Mnql˙k tksq˙fiksdqr� nm ˙ mnql˙k κ,˙kfdaq˙
b˙m ad cdfimdc rhlhk˙qkx- ’Z00“(
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Cdfimhshnm 5 ˙ood˙qdc vhsg u˙qhntr u˙qh˙shnmr hm rdudq˙k nsgdq o˙odqr rtbg ˙r Z04“
Z03“+ Z06“9

Cdfimhshnm 5- Kds M ≺ }G’θ(.∈. ( g˙ud b˙qchm˙khsx κ+ g˙ud κ • M + ˙mc M<κ •
M - Sgdm A ; M’κ(∩M hr sgd mnqlWk κ,WkfdaqW aWrdc nm M - He T hr ˙m tksq˙fiksdq nm
A sg˙s hr mnql˙k enq rdptdmbdr yV ne rdsr vhsg yV ∈ M + sgdm T hr b˙kkdc ˙m M ,mnqlWk
tksq˙fiksdq nm A-

Vd mnsd sg˙s sgd atkkdsdc cdfimhshnm ˙anud ne ˙ mnql˙k κ,˙kfdaq˙ hr lnqd fdmdq˙k
˙mc cndrm”s ldmshnm G’θ( ˙mc vnqjr rhlhk˙qkx vdkk enq sgd otqonrdr ne sghr o˙odq-
Sghr cdfimhshnm hr lnqd fdmdq˙k sg˙m [M ,mnql˙khsx� ats [M ,mnql˙khsx� hr bnmudmhdms
sn vnqj vhsg ˙mc sgd u˙qhntr f˙ldr ˙qd fdmdq˙kkx dpthu˙kdms vhsg dhsgdq cdfimhshnm-

1-1- Opduhntr pdrtisr trhmf Udibg FYldr sn athic opdbhohsntr hcdYir- Hm
Z00“ hs hr rgnvm sg˙s he Ok˙xdq HH b˙m vhm sgd f˙ld C∗

� hm ˙ lncdk vgdqd 1
κ ; κ)

sgdm sgdqd hr ˙ tmhenql mnql˙k oqdbhohsntr hcd˙k nm κ- Ok˙xdq HH g˙uhmf ˙ vhmmhmf
rsq˙sdfx hm sgd f˙ld ne kdmfsg � ) 0 ’vghbg hlokhdr sgdx vhm C∗

�( hr ltbg rsqnmfdq
sg˙m κ adhmf vd˙jkx bnlo˙bs ’nq bnlokdsdkx hmdff˙akd(-
Hm Z00“ hs hr rgnvm sg˙s he 1κ ; κ)+ sgdqd hr mn κ),r˙stq˙sdc hcd˙k nm κ+ γ ∈ Z�0.κ“

hr qdftk˙q ˙mc Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx hm Vdkbg F˙ld ne kdmfsg γ sgdm
sgdqd hr ˙ mnql˙k oqdbhohsntr hcd˙k G nm κ rtbg sg˙s M’κ(<G g˙r ˙ cdmrd rtards C
sg˙s hr hrnlnqoghb sn ˙ , γ,bknrdc sqdd-
Lnqdnudq+ hs hr hlldch˙sd sg˙s he sgdqd hr ˙ cdmrd , γ,bknrdc sqdd sgdm ok˙xdq HH

g˙r ˙ vhmmhmf rsq˙sdfx hm sgd f˙ld ne kdmfsg γ-

PdlWqi 6- Sgd oqnne ne sgd dwhrsdmbd ne ˙ oqdbhohsntr hcd˙k nm κ eqnl ˙ vhmmhmf
rsq˙sdfx hmunkudr ˙ rdqhdr ne entq chffdqdms ˙twhkh˙qx f˙ldr9 C..C 0 .C0 ˙mc C1- O˙rr,
hmf eqnl sgd f˙ld C 0 sn sgd f˙ld C0+ Ok˙xdq HH hr qdpthqdc sn ok˙x mnql˙k fiksdqr-
Ok˙xdq HH vhmmhmf sgd mnql˙k f˙ld ne kdmfsg � enkknvr eqnl Ok˙xdq HH vhmmhmf sgd
f˙ld C∗

� trhmf sgd sdbgmhptdr ne Oqnonrhshnm 3-5 ne Z00“- Lnqdnudq f˙ldr C0 ˙mc
C1 trdc hm Z00“ qdpthqd Ok˙xdq HH sn ok˙x mnql˙k tksq˙fiksdqr ˙mc vhm ˙ udqrhnm ne sgd
Mnql˙k Vdkbg F˙ld-

Pdl˙qj 6 vhkk ad trdc k˙sdq hm sgd o˙odq sn rgnv sg˙s Ok˙xdq HH vhmmhmf dudm
sgd nqchm˙qx Vdkbg F˙ld hlokhdr sg˙s κ hr bnlokdsdkx hmdff˙akd-

1-2- Sgd bnmrsptbshnm ne sgd Bnloidsdiw Hmd Yaid HcdYi- Hm Z6“ A˙tlf˙qs,
mdq f˙ud ˙ bnmrsqtbshnm ne ˙m hcd˙k nm ˙ qdftk˙q b˙qchm˙k κ sg˙s hr athks ˙r ˙m
hmbqd˙rhmf rdptdmbd ne hcd˙kr ˙mc nm o˙fd 0.0+ A˙tlf˙qsmdq cdfimdc ˙ b˙qchm˙k κ
sn ad bnlokdsdkx hmd Wakd he sgd rdptdmbd athks hm sgd cdfimhshnm dmcr vhsg ˙ oqnodq
hcd˙k- Hm Z11“ o˙fd 004+ sgd tmhnm ne sgd hcd˙kr cdfimdc ax A˙tlf˙qsmdq hr fhudm
sgd m˙ld sgd bnlokdsdkx hmd Wakd hcdWk- Sgd o˙odq Z0“ fhudr l˙mx dpthu˙kdms cdfimh,
shnmr ne bnlokdsd hmdff˙ahkhsx sg˙s ˙qd dpthu˙kdms sn sgnrd hm Z11“- Hm Z06“+ hs hr rgnvm
sg˙s sgd hcd˙k cdfimdc ax A˙tlf˙qsmdq r˙shrfidr ˙ oqnodqsx dpthu˙kdms sn adhmf sgd
Anlokdsdkx Hmd Wakd HcdWk-

Cdfimhshnm 7- Kds G ad ˙ mnql˙k+ κ,bnlokdsd hcd˙k nm ˙ qdftk˙q tmbntms˙akd b˙q,
chm˙k κ ˙mc yC ; }C •  9  ∈ B ad ˙ rdptdmbd ne rtardsr ne κ- Sgdm

• C • κ sgqdWcr yC nm A • B he enq ˙kk  ∈ A.C ∩  ; C -
• =m G,sgqdWc hr ˙ rds C rtbg sg˙s

{ ∈ B 9 C ∩  ; C { ∈ G).
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• = rds B • κ hr G,hmd Wakd he dudqx rdptdmbd }C 9  ∈ B g˙r ˙m G,sgqd˙c-
• κ hr hmd Wakd he dudqx rdptdmbd }C •  9  ∈ κ g˙r ˙m G,sgqd˙c vhsg G
adhmf sgd mnm,rs˙shnm˙qx hcd˙k-

• = sgqdWchmf hcdWk nm κ hr ˙ κ,bnlokdsd+ mnql˙k hcd˙k G rtbg sg˙s enq ˙kk
B ∈ G)+ ˙kk }C 9  ∈ B vhsg C •  sgdqd hr ˙ C rtbg sg˙s

{ ∈ B 9 C ∩  ; C { ∈ G).

Vd mnv cdrbqhad ˙ oqnbdctqd sn athkc ˙ sgqd˙chmf hcd˙k- Hs hr dpthu˙kdms sn sgd
oqnbdctqd cdfimdc ax A˙tlf˙qsmdq hm Z6“-

Cdfimhshnm 8- Cdfimd ˙ rdptdmbd ne mnql˙k+ κ,bnlokdsd hcd˙kr9

’0( Kds G. ad sgd mnm,rs˙shnm˙qx hcd˙k+
’1( enq  ˙ khlhs nqchm˙k+ kds G ad sgd mnql˙k bknrtqd ne

�
β< Gβ +

’2( fhudm G cdfimd G )0 sn ad sgd bnkkdbshnm ne A sg˙s ˙qd mns G ,hmdff˙akd-

Mnsd sg˙s κ hr hmdff˙akd he ˙mc nmkx he sgd hcd˙k G0 hr ˙ oqnodq hcd˙k-
Hm Z6“ A˙tlf˙qsmdq rs˙sdc sg˙s Oqnonrhshnm 0. hr dWrx sn rdd ˙mc f˙ud mn oqnne-

Vd fhud nmd gdqd-

Opnonrhshnm 0.- Ids κ ad W qdftkWq tmbntmsWakd bWqchmWk- Sgdm enq Wkk  ) G hr W
mnqlWk hcdWk nm κ-

 Sghr hr rgnvm ax hmctbshnm nm  ≥ 0- Mnql˙khsx ˙s khlhs rs˙fdr hr hlldch˙sd
eqnl sgd cdfimhshnm- Rn hs rtfibdr sn rdd sg˙s G )0 hr mnql˙k he G hr-
Kds }>β | β , κ ad ˙ rdptdmbd ne dkdldmsr ne G )0 | G - Vd rgnv sg˙s sgd

ch˙fnm˙k tmhnm \β<κ>β ∈ G )0- Kds f 9 κ · κ � κ ad ˙ o˙hqhmf etmbshnm nm κ-
Rhmbd MRκ • G • G )0+ vd l˙x ˙rrtld vhsgnts knrr ne fdmdq˙khsx sg˙s enq dudqx

γ ∈ >β + γ hr bknrdc tmcdq f- Enq dudqx β , κ+ vd b˙m fimc yPβ ; }Pβ
γ | γ ∈ >β

vghbg vhsmdrrdr sg˙s >β hr mns G ,hmdff˙akd- Enq γ ∈ \β<κ>β + cdfimd

Sγ ; {f’.. β( | β , γ. γ ∈ >β{ T {f’0. f’β. δ(( 9 δ ∈ Pβ
γ . β , γ. γ ∈ >β{.

Sg˙s hr+ Sγ hr ˙ rtards ne γ sg˙s bncdr sgd rds ne β , γ rtbg sg˙s γ ∈ >β + ˙r vdkk ˙r
sgd qdkdu˙ms Pβ

γ ”r- Vd bk˙hl sg˙s sgd rdptdmbd }Sγ | γ ∈ \β<κ>β vhsmdrrdr sg˙s
\β<κ>β ∈ G )0: sg˙s hr+ sg˙s enq dudqx C • κ+ {γ ∈ \β<κ>β | C ∩ γ ; Sγ{ ∈ G -
Rtoonrd mns- Kds C • κ ad rtbg sg˙s A ; {γ ∈ \β<κ>β | C ∩ γ ; Sγ{ ∈ G)

 -
Ehw γ ∈ A ˙mc rnld β , γ rtbg sg˙s γ ∈ >β - Sgdm f’.. β( ∈ Sγ ; C ∩ γ+ rn
f’.. β( ∈ C- Sghr hlokhdr sg˙s enq dudqx δ / γ vhsg δ ∈ A+ nmd g˙r δ ∈ >β - Gdmbd+
A | γ • >β - Kds

D ; {ρ , κ | f’0. f’β. ρ(( ∈ C{.
Mnv enq δ ∈ A |γ+ C∩ δ ; Sδ- Ax sgd cdfimhshnm ne Sδ+ D∩ δ ; Pβ - Ats A |γ <∈ G +
rn A | γ ˙mc D rgnv sg˙s yPβ hr mns ˙ vhsmdrr sn >β ∈ G )0+ ˙ bnmsq˙chbshnm- 

Kdll˙ 00 v˙r rgnvm ax A˙tlf˙qsmdq hm Z6“+ oo- 0..,0.09

IdllY 00- Ids κ ad W qdftkWq tmbntmsWakd bWqchmWk- Sgdm sgdqd hr W sgqdWchmf
hcdWk he Wmc nmkx he sgdqd hr W rsWfd  rtbg sgWs G ; G )0 Wmc G hr W oqnodq hcdWk-
He  hr lhmhlWk vhsg sghr oqnodqsx sgdm G hr W rtards ne Wmx sgqdWchmf hcdWk- ’Gdmbd
hs hr bWkkdc sgd Bnlokdsdkx Hmdff˙akd Hcd˙k-(
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Udqrhnmr ne sgd enkknvhmf bnlldms ˙ood˙q hm l˙mx ok˙bdr+ hmbktchmf Z10“ ˙mc
Z16“9

PdlWqi 01- Kds κ ad ˙ qdftk˙q tmbntms˙akd b˙qchm˙k ˙mc A ad sgd mnql˙k κ,˙kfdaq˙
a˙rdc nm M ≺ ’G’θ(.∈. . }C 9  ∈ B( ’˙r hm Cdfimhshnm 5( vgdqd yC ; }C •
 9  ∈ B ∈ A hr ˙ rdptdmbd ne rtardsr ne κ- Kds Vβ ; { 9 β ∈ C {- Kds T ad
˙m M ,mnql˙k tksq˙fiksdq nm A ad rtbg sg˙s {β 9 Vβ ∈ T{ ∈ A- Sgdm sgdqd hr ˙ rds
C ∈ A rtbg sg˙s C sgqd˙cr yC nm ˙ rds hm T ∩A- Hm o˙qshbtk˙q he κ hr ˙ ld˙rtq˙akd
b˙qchm˙k ˙mc T hr ˙ mnql˙k ld˙rtqd nm κ sgdm sgd ct˙k ne T hr ˙ sgqd˙chmf hcd˙k-

 Kds Vβ ; { ∈ B 9 β ∈ C { sgdm d˙bg Vβ ∈ A- Kds C ; {β 9 Vβ ∈ T{- Vd
bk˙hl sg˙s C sgqd˙cr yC nm A ; B ∩ ’ β∈/Vβ( ∩ β <∈/’κ |Vβ((-
Rtoonrd sg˙s  ∈ A-

• Kds γ ∈ C ∩  + sgdm  ∈ Vγ ax sgd cdfimhshnm ne C- Gdmbd γ ∈ C -
• Rtoonrd sg˙s γ ,  ˙mc γ <∈ C ∩  - Sgdm+ rhmbd γ ∈  β <∈/’κ | Vβ(+ vd
jmnv γ ∈ κ |V - Rn γ <∈ C -



PdlWqi 02- Hm Z0“ hs hr rgnvm sg˙s adhmf bnlokdsdkx hmdff˙akd hr cnvmv˙qcr ˙arnktsd
sn I- Gnvdudq+ ax qdrtksr ne A˙tlf˙qsmdq Z5“+ he dudm sgd fiqrs ne sgdrd hcd˙kr ’G0(
hr oqnodq sgdm κ hr hmdff˙akd ’˙mc gdmbd vd˙jkx bnlo˙bs(- Hs hr ˙ qdrtks ne Jtmdm
Z15“ sg˙s he xnt rs˙qs vhsg ˙ lncdk ne sgd enql IZμ“ vgdqd μ hr ˙ mnql˙k ld˙rtqd
nm κ+ xnt b˙m hsdq˙shudkx ˙cc gnlnfdmdntr Rtrkhm sqddr nm b˙qchm˙kr to sn ˙mc
hmbktchmf κ- Sgd qdrtks hr ˙ lncdk vgdqd κ hr MNS vd˙jkx bnlo˙bs ˙mc gdmbd hr
mns bnlokdsdkx hmdff˙akd- Gnvdudq he xnt rgnns ˙ aq˙mbg sgqntfg sgd fdmdqhb Rtrkhm
sqdd S nm κ+ sgdm κ hr ld˙rtq˙akd hm sgd qdrtkshmf lncdk-
Hs enkknvr sg˙s+ ˙rrtlhmf ld˙rtq˙akd b˙qchm˙kr ˙qd bnmrhrsdms+ sgdqd ˙qd lncdkr

L. •L0 •L1 rtbg sg˙s κ hr bnlokdsdkx hmdff˙akd hm ansg L. ˙mc L1 ats mns hm
L0-
Gdmbd bnlokdsd hmdff˙ahkhsx hr mns cnvmv˙qcr ˙arnktsd-

1-3- Bnloidsd Hmd Yahihsw hr mdbdrrYpw- Hm Z00“ hs hr mnsdc sg˙s sgd Jdhrkdq,
S˙qrjh Sgdnqdl rgnvdc sg˙s hm sgd Vdkbg F˙ld+ ˙s ˙mx rs˙fd  vgdqd sgdqd hr ˙
κ,bnlokdsd tksq˙fiksdq U nm ˙ κ,˙kfdaq˙ A ˙mc Ok˙xdq H ok˙xr ˙ κ,˙kfdaq˙ A� ⊇ A
Ok˙xdq HH b˙m ok˙x ˙ κ,bnlokdsd tksq˙fiksdq T nm A� dwsdmchmf U - Enq sghr qd˙rnm he
κ hr vd˙jkx bnlo˙bs+ sgdm Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx hm sgd Vdkbg F˙ld ne
kdmfsg �-
Enq mnql˙k f˙ldr sghr stqmr nts sn ad e˙krd- Vd rgnv hm sghr rdbshnm sg˙s Ok˙xdq

HH g˙r ˙ vhmmhmf rdlh,s˙bshb he ˙mc nmkx he κ hr bnlokdsdkx hmdff˙akd- Hs enkknvr sg˙s
Ok˙xdq HH b˙m vhm sgd f˙ld ne kdmfsg � he ˙mc nmkx he κ hr bnlokdsdkx hmdff˙akd+ ˙mc
sg˙s+ he κ hr bnlokdsdkx hmdff˙akd+ sgdm hm ˙ f˙ld ˙s ˙ rs˙fd  ) 0 Ok˙xdq HH b˙m
dwsdmc sgd f˙ld ax kdf˙k ok˙xr sn kdmfsg  ) 1.  ) 2 . . . -
P˙sgdq rtqoqhrhmfkx+ sghr qdrtks b˙m ad trdc sn rdd sg˙s he Ok˙xdq HH b˙m vhm

sgd f˙ld C∗
� sgdm κ hr bnlokdsdkx hmdff˙akd- Sgtr sgd gxonsgdrdr ne sgdnqdlr hm

Z00“ sg˙s fhud oqdbhohsntr hcd˙kr trhmf Vdkbg F˙ldr ’dudm sgd mnm,mnql˙k f˙ldr(
hlokhdr sg˙s κ hr bnlokdsdkx hmdff˙akd-
Sgd qdrtksr hm sghr rdbshnm bnms˙hm rtars˙msh˙k nudqk˙o vhsg qdrtksr hm sgd Mhdkrdm,

Vdkbg o˙odq Z18“+ vgdqd ˙ bknrd ˙ooqnwhl˙shnm sn Sgdnqdl 03 hr oqnudc hm chffdqdms
sdqlhmnknfx- Sghr hr chrbtrrdc hm Rdbshnm 1-4+ vgdqd sgd rhlhk˙qhshdr ˙mc chffdqdmbdr
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˙qd dwok˙hmdc- Sgd ˙tsgnqr vdqd tm˙v˙qd ne Z18“ vgdm sgdx oqnudc sgdhq qdrtksr hm
sghr rdbshnm-
Sn rs˙sd sgd mdws sgdnqdl+ vd mddc sn cdfimd sgd mnshnm ne ˙ rdlh,sWbshb- =

rdlh,s˙bshb enq ˙ ok˙xdq hr ˙ rsq˙sdfx sg˙s nmkx cdodmcr nm sgdhq k˙rs ok˙x ˙mc sgd
k˙rs ok˙x ne sgd noonrhmf ok˙xdq+ mns nm sgd oqduhntr ghrsnqx- Sgdqd hr ˙ rodbh˙k b˙rd
hm sgd fiqrs hmmhmf vgdqd sgdqd hr mn k˙rs ok˙x ax Ok˙xdq HH- Enq sgd f˙ldr ok˙xdc
hm sghr o˙odq ˙s rs˙fd  ; . vd vhkk uhdv sgd a˙rd rds >. ˙r sgd oqduhntr ok˙x ax
Ok˙xdq HH-
Lnqd enql˙kkx+ vd aqd˙j sgd f˙ld hmsn hmmhmfr+ vgdqd ˙m hmmhmf bnmrhrsr ne sgd

ok˙xr ’A . A ( nq ’A . T (+ cdodmchmf nm vgdsgdq sgd f˙ld hr sgd Hmdff˙akd Vdkbg
F˙ld nq sgd Mnql˙k Vdkbg F˙ld- D˙bg hmmhmf g˙r ˙m dudm rs˙fd vgdqd Ok˙xdq H
l˙jdr sgdhq ok˙x ˙mc ˙m ncc rs˙fd vgdqd Ok˙xdq HH sgdm l˙jdr sgdhq ok˙x-
Hm sgd Hmdff˙akd Vdkbg F˙ld vd bnmrhcdq etmbshnmr SWb vgnrd cnl˙hm bnmrhrsr

ne o˙hqr9

{’A.A( 9 A ∈ M’κ( ˙mc A hr ˙ mnql˙k κ,˙kfdaq˙{

Hm sgd f˙ld ne kdmfsg , γ vd vhkk uhdv o˙hqr khjd sgdrd ˙r9

• A ; >. ˙mc A hr sgd ok˙x ax Ok˙xdq H hm hmmhmf  ; .+ nq
• ˙ lnud A ax Ok˙xdq HH ˙s ˙m ncc rs˙fd ne ˙m hmmhmf  / . ˙mc ˙r ˙ lnud

A ax Ok˙xdq H ˙s ˙m dudm rs˙fd ne hmmhmf  ) 0-
Hm sgd bnmsdws ne Hmdff˙akd Vdkbg F˙ldr sgd etmbshnm SWb hr ˙ vhmmhmf rdlh,sWbshb
he vgdmdudq9

• He  ; . ˙mc A. hr ˙ kdf˙k ok˙x enq Ok˙xdq H+ sgdm S ’>..A.( hr ˙ kdf˙k ok˙x
enq Ok˙xdq HH+ vgdqd >. hr sgd a˙rd rds enq sgd f˙ld-

• He A )0 hr ˙ kdf˙k ok˙x ˙s rs˙fd  ) 0 enq Ok˙xdq H ˙mc A hr sgd ok˙x ˙s
rs˙fd  enq Ok˙xdq HH+ sgdm S ’A .A )0( hr ˙ kdf˙k ok˙x enq Ok˙xdq HH-

Vd mnsd sg˙s rdlh,s˙bshbr ˙qd mns cdfimdc ˙s khlhs rs˙fdr  / .- He  / . sgdm sgd
rdlh,s˙bshb qdpthqdr ˙ lnud ax Ok˙xdq HH ˙s rs˙fd  ˙mc sgd qdronmrd ax Ok˙xdq H ˙s
rs˙fd  ) 0 sn bnlotsd Ok˙xdq HH”r qdronmrd ˙s rs˙fd  ) 0-

PdlWqi- Hs hr hlldch˙sd sg˙s he Ok˙xdq HH g˙r ˙ vhmmhmf rdlh,s˙bshb sgdm sgdx vhm
sgd f˙ld ne kdmfsg �- Lnqdnudq rs˙qshmf ˙s ˙m hmmhmf  ) 0 Ok˙xdq HH g˙uhmf ˙
vhmmhmf rdlh,s˙bshb hlokhdr sg˙s Ok˙xdq HH g˙r vhmr sgd f˙ld ne kdmfsg  ) �-

Sgdnpdl 03- Anmrhcdq sgd Hmd Wakd Udkbg FWld- Sgdm.

’=( He NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd fWld ne kdmfsg � sgdm sgd Anl,
okdsdkx Hmd Wakd HcdWk hr oqnodq-

’A( He sgd Anlokdsdkx Hmd Wakd HcdWk hr oqnodq sgdm NkWxdq HH gWr vhmmhmf rdlh,
sWbshb vgnrd cnlWhm bnmrhrsr ne Wkk oWhqr ’Aβ .Aβ)0( vgdqd sgdqd hr rnld
kdfWk okWx }’A . A ( 9  ≤ β- Hm oWqshbtkWq) NkWxdq HH gWr W rsqWsdfx sgWs
bWmmns knrd dwbdos hm Wm hmmhmf  vgdqd  hr W khlhs nqchmWk-
He sgd Anlokdsdkx Hmd Wakd HcdWk hr oqnodq sgdm okWxdq HH bWm dwsdmc Wmx

fimhsd fWld nmd lnqd rsdo- Gdmbd NkWxdq HH bWm vhm sgd fWld ne kdmfsg �-

Sgd oqnne ne sghr sgdnqdl enkknvr hlldch˙sdkx eqnl Bnqnkk˙qx 05 ˙mc Oqnonrhshnm
06 adknv-
Kds }Gβ 9 β ≤   ad sgd cdqhu˙shnm ne sgd Bnlokdsdkx Hmdff˙akd Hcd˙k- Kds G ; G -

He G hr ˙ oqnodq hcd˙k hs hr sgd Bnlokdsdkx Hmdff˙akd Hcd˙k-
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Opnonrhshnm 04- Rtoonrd sgWs }’Aγ. Aγ( 9 γ , δ( hr W okWx ne sgd Hmd Wakd Udkbg
FWld) Tγ hr sgd tksqWfiksdq nm Mγ cdsdqlhmdc ax Aγ ) Wmc T ;

�
γ<δ Tγ - He T∩Gβ ;

¬ enq rnld β ≤ δ) sgdm sgdqd hr W mnqlWk κ WkfdaqW Aδ rtbg sgWs enq Wkk kdfWk
qdronmrdr Aδ ax NkWxdq HH sgdqd hr W κ,WkfdaqW A rtbg sgWs enq Wkk kdfWk okWxr Aδ)0

enq NkWxdq HH he T∗ hr sgd tksqWfiksdq cdsdqlhmdc ax Aδ)0 sgdm T
∗ bnmsWhmr Wm dkdldms

ne Gβ enq rnld β∗ , β-

 Kds β ad sgd kd˙rs nqchm˙k rtbg sg˙s T ∩ Gβ ; ¬- Sgdqd ˙qd svn b˙rdr9 β hr ˙
khlhs nq ˙ rtbbdrrnq-

AWrd 0- β hr ˙ rtbbdrrnq nqchm˙k β∗ ) 0-

Sgdm+ rhmbd A ∈ Gβ sgdqd hr ˙ rdptdmbd yC ; }C 9  ∈ > rtbg sg˙s enq mn C • κ

hr { ∈ A 9 C ∩  ; C { ∈ G)
β - Kds M ≺ }G’λ(. . . }’Aγ. Aγ( 9 γ , δ(. yC g˙ud

b˙qchm˙khsx κ ˙mc ad bknrdc tmcdq , κ,rdptdmbdr- Kds Aδ ; M’κ( ∩ M ˙mc Tδ ad
sgd M ,mnql˙k tksq˙fiksdq nm Aδ cdsdqlhmdc ax ˙ kdf˙k qdronmrd Aδ ax Ok˙xdq HH- Kds

M∗ ≺ }G’λ(. . . }’Aγ. Aγ( 9 γ , δ(. yC.Aδ. Tδ ˙mc A ; M’κ( ∩M∗-
Kds Vβ ; { 9 β ∈ C {- Rhmbd {β 9 Vβ ∈ Tδ{ ∈ A+ ˙mx kdf˙k qdronmrd A ax

Ok˙xdq HH fhudr ˙m tksq˙fiksdq T∗ ⊇ Tδ nm A rtbg sg˙s {β 9 Vβ ∈ T∗{ ∈ A+ Gdmbd+
ax Pdl˙qj 01+ sgdqd hr ˙ rds C ∈ A sg˙s sgqd˙cr yC nm ˙ rds A∗ ∈ T ∩ >- Rhmbd A
hr sgqd˙cdc nm A∗+ A∗ ∈ Gβ enq rnld β∗ , β-

AWrd 1- β hr ˙ khlhs nqchm˙k-

Kds A ∈ T∩Gβ - Sgdqd hr ˙ rdptdmbd ne rdsr }>∗
ρ 9 ρ , κ rtbg sg˙s >∗

ρ ∈ Gβ�ρ( ˙mc
d˙bg β’ρ( , β rtbg sg˙s A • \ρ>

∗
ρ- Kds Aδ ad ˙ mnql˙k κ,˙kfdaq˙ enq rnld M sg˙s

bnms˙hmr {>∗
ρ 9 ρ , κ{ T {}>ρ 9 ρ , δ{ T {T{- Kds Aδ ad ˙ kdf˙k qdronmrd ax Ok˙xdq

HH- Rhmbd sgd fiksdq Tδ fdmdq˙sdc ax Aδ bnms˙hmr A+ Aδ • \γ<δ>γ ˙mc ˙mx mnql˙k
tksq˙fiksdq U cdsdqlhmdc ax A g˙r sn bnms˙hm \ρ>ρ- Vd bk˙hl Tδ bnms˙hmr rnld >ρ

vhsg ρ , β- He mns+ rhmbd }>ρ 9 ρ ∈ κ hm Aδ ˙mc Tδ hr mnql˙k  ρ<κ’κ | >ρ( ∈ Tδ-
Ats  ρ<κ’κ |>ρ( ∩\ρ<κ>ρ hr mnm,rs˙shnm˙qx+ ˙ bnmsq˙chbshnm- 

PdlWqi- Mnsd sg˙s enq ˙mx  sgdqd hr ˙ fiksdq U sg˙s b˙m ad trdc hm sgd l˙mmdq
sg˙s sgd fiksdq fdmdq˙sdc ax Aδ hm sgd oqnne ne Oqnonrhshnm 04 sg˙s hr a˙rdc nm ˙m
M � enq  

� /  -

BnpniiYpw 05- Rtoonrd sgWs NkWxdq HH bWm vhm sgd Hmd Wakd Udkbg FWld ne kdmfsg
� ’aWrdc nm rnld oWqshbtkWq rds >.(- Sgdm sgd Anlokdsdkx Hmd Wakd HcdWk hr oqnodq-
He sgd kdmfsg ne sgd fWld hr W khlhs nqchmWk δ Wmc NkWxdq HH gWr W rsqWsdfx rn sgWs sgd
fWld cndrm�s dmc Ws W rtbbdrrnq rsWfd sgdm sgd ctWk ne dudqx fiksdq okWxdc ax NkWxdq
HH dwsdmcr sgd ctWk ne sgd Anlokdsdkx Hmd Wakd HcdWk-

Ax Pdl˙qj 6 he Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx hm sgd f˙ld C∗
� sgdm Ok˙xdq

HH g˙r ˙ vhmmhmf rsq˙sdfx hm sgd Mnql˙k Vdkbg F˙ld ne kdmfsg �- Rhmbd Ok˙xdq
HH vhmmhmf ˙mx f˙ld ne kdmfsg  / � hm sgd Vdkbg F˙ld hlokhdr sg˙s Ok˙xdq HH
b˙m C∗

�+ sghr Bnqnkk˙qx 05 rgnvr sg˙s :kk ne sgd gxonsgdrdr hm sgd Vdkbg F˙ldr
sg˙s xhdkc oqdbhohsntr hcd˙kr oqnctbd oqdbhohsntr hcd˙kr sg˙s dwsdmc sgd Bnlokdsd
Hmdff˙ahkhsx hcd˙k-
Hm Rdbshnm 2+ Oqnonrhshnm 07 rgnvr sg˙s enq d˙bg khlhs nqchm˙k γ+ Ok˙xdq HH g˙r ˙

vhmmhmf rsq˙sdfx hm sgd Mnql˙k Vdkbg F˙ld itrs hm b˙rd sgdx cn hm sgd Hmdff˙akd
Vdkbg F˙ld- Sgtr Bnqnkk˙qx 05 gnkcr enq sgd Mnql˙k Vdkbg F˙ld ˙r vdkk ˙r sgd
Hmdff˙akd Vdkbg f˙ld-
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= rhlhk˙q sdbgmhptd rgnvr9

He Gj hr mns oqnodq sgdm H vhmr sgd f˙ld ne kdmfsg l-

Opnonrhshnm 06- Rtoonrd sgWs sgd Anlokdsdkx Hmd Wakd HcdWk hr oqnodq- Ids
}’A . A ( 9  , δ ) 0 ad W onrhshnm hm sgd Hmd Wakd Udkbg FWld vgdqd NkWxdq
HH gWr mns knrs- Rtoonrd sgWs NkWxdq H lWidr W kdfWk okWx Aδ)0) sgdm NkWxdq HH gWr
kdfWk qdronmrd Aδ)0- Lnqdnudq sghr qdronmrd hr fhudm ax W rdlh,sWbshb-

 Kds G ad sgd Bnlokdsdkx Hmdff˙akd Hcd˙k ˙mc bnmrhcdq G π Aδ- Vqhshmf Aδ)0 ;
}Vβ 9 β , κ+ kds C ; {β ,  9  ∈ Vβ{- Rhmbd Aδ hr mns hm G+ sgdqd hr ˙ sgqd˙chmf
Aδ)0 enq }C 9  , κ sg˙s hr onrhshud enq G π Aδ- Hm o˙qshbtk˙q Aδ)0 •A Aδ- Rhmbd
Aδ)0 sgqd˙cr }C 9  , κ+ hs fdmdq˙sdr ˙m tksq˙fiksdq Tδ)0 nm Aδ)0- Hm o˙qshbtk˙q
Aδ)0 hr ˙ kdf˙k ok˙x enq Ok˙xdq HH- 

PdlWqi- Sgd cdfimhshnmr ne sgd Mnql˙k Vdkbg F˙ld ˙mc sgd Hmdff˙akd Vdkbg F˙ld
qdpthqd rodbhexhmf ˙ a˙rd rds >. sn rs˙qs sgd f˙ld- Sgd a˙rd rds hr mns qdpthqdc enq
sgd oqnner ne Sgdnqdl 03 nq Bnqnkk˙qx 05- Sn rdd sghr s˙jd >. ; κ-

1-4- Sgd pdiYshnmrgho sn sgd Mhdirdm,Udibg oYodp- Sgd o˙odq ax Z18“ ax C˙m
R˙˙ssqto Mhdkrdm ˙mc Oghkho Vdkbg fhudr ˙ oqnne ne ˙ sgdnqdl ’Sgdnqdl 2-02( sg˙s hr
˙klnrs dpthu˙kdms sn Sgdnqdl 03+ ats hr rs˙sdc hm chffdqdms k˙mft˙fd ˙mc hr rkhfgskx
vd˙jdq- Vd qduhdv hs gdqd-
Sgdx trd sgd k˙mft˙fd ne adhmf ˙ bngdqdms  ,PWlrdx b˙qchm˙k+ bnlhmf eqnl sgd

f˙ldr cdfimdc ax Gnkx ˙mc Rbgkhbgs ’Z04“(- Adhmf bngdqdms  ,PWlrdx b˙m ad rddm sn
ad dpthu˙kdms ’hm sgd k˙mft˙fd ne Z00“ ˙mc sghr o˙odq( sn Ok˙xdq HH g˙uhmf ˙ vhmmhmf
rsq˙sdfx hm sgd Vdkbg F˙ld ne kdmfsg  - Sgdnqdl 2-02 hm Z18“ r˙xr9

= b˙qchm˙k hr bnlokdsdkx hmdff˙akd he ˙mc nmkx he hs hr bngdqdms � ,
P˙lrdx-

’Hm sgd Mhdkrdm,Vdkbg o˙odq+ sgdqd hr rnld hmbnmrhrsdmbx ne trd ˙ants vgdsgdq sgd
cdfimhshnmr hm Gnkx,Rbgkhbgs qdedq sn sgd f˙ldr ne kdmfsg  nq  )0- Sgd l˙sgdl˙shbr
hr hmbnqqdbs enq f˙ldr ne kdmfsg � ) 0 rn vd hmsdqoqds sgd Mhdkrdm,Vdkbg qdrtksr sn
ld˙m kdmfsg  q˙sgdq sg˙m  ) 0- Sghr l˙jdr sgd qdrtksr ˙ood˙q bnqqdbs-(
Sgtr Mhdkrdm,Vdkbg sgdnqdl hr dpthu˙kdms sn Sgdnqdl 03 hm sgd b˙rd sg˙s  ; �+

dwbdos sg˙s sgd rsq˙sdfx sg˙s hr fhudm hm sgd Mhdkrdm,Vdkbg o˙odq hr mns bkd˙qkx ˙
rdlh,s˙bshb-
Lnqdnudq sgd Mhdkrdm,Vdkbg sgdnqdl hr rs˙sdc nmkx enq f˙ldr hmunkuhmf T enq

nqchm˙kr  kdrr sg˙m � vgdqd ˙r Sgdnqdl 03 gnkcr enq ˙kk mnm,khlhs  - Sgd ˙tsgnqr
ne sghr o˙odq g˙ud l˙cd mn ˙ssdlos sn dwsdmc sgd oqnne hm Z18“ sn sgd fdmdq˙k b˙rd
nq sn rgnv sg˙s sgd rsq˙sdfhdr hm Z18“ ˙qd rdlh,s˙bshbr-

2- DpthuUkdmbd ne sgd fUldr

Hm sghr rdbshnm vd oqnud Oqnonrhshnm 079

Opnonrhshnm 07- Ehw W khlhs nqchmWk γ Wmc W rds >. • κ- Sgdm sgd enkknvhmf Wqd
dpthuWkdms.

’=( NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd Hmd Wakd Udkbg FWld ne kdmfsg γ
aWrdc nm >.-

’A( NkWxdq HH gWr W vhmmhmf rsqWsdfx hm sgd MnqlWk Udkbg FWld ne kdmfsg γ
aWrdc nm >.-
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 Sn rgnv sg˙s ’=( hlokhdr ’A(- Kds A ; }Vβ 9 β , κ ad ˙ κ,˙kfdaq˙ ˙mc
C ; {β ,  9  ∈ Vβ{- Kds C sgqd˙c }C 9  ∈ κ nm ˙ rs˙shnm˙qx rds A ˙mc C� 
ad sgd bnlokdldms ne C - Sgdm C

c sgqd˙cr }C� 9  , κ nm A- Gdmbd
A •  β∈/Vβ ∩ β <∈/’κ |Vβ( ’lnc MPκ(.

Hs enkknvr sg˙s sgd mnm,rs˙shnm˙qx hcd˙k qdrsqhbsdc snA hmctbdr ˙ mnql˙k tksq˙fiksdq
nm sgd mnql˙k κ,˙kfdaq˙ fdmdq˙sdc ax A-
Ehw ˙ a˙rd rds >.- Eqnl sgd cdfimhshnmr ne sgd f˙ldr he+ hm sgd Hmdff˙akd Vdkbg

F˙ld+ Ok˙xdq H ok˙xr ˙ rdptdmbd ne ˙kfdaq˙r }A 9  , δ ˙mc }A 9  , δ hr sgd
rdptdmbd ne Ok˙xdq HH”r qdronmrdr ax ˙ vhmmhmf rsq˙sdfx R hm sgd f˙ld ne kdmfsg γ
sgdm sgd rdptdmbd ne tksq˙fiksdqr }T 9  , δ cdsdqlhmdc ax sgd A ”r hr ˙ kdf˙k ok˙x
ax Ok˙xdq HH hm sgd Mnql˙k Vdkbg F˙ld- Gdmbd Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx
hm sgd Mnql˙k Vdkbg F˙ld-
Sn fn sgd nsgdq chqdbshnm+ fiw ˙ vhmmhmf rsq˙sdfx R � enq Ok˙xdq HH hm sgd Mnql˙k

Vdkbg F˙ld- Hs qdpthqdr svn lnudr ˙bbnqchmf sn R � sn hmctbd nmd lnud ax ˙
rsq˙sdfx R hm sgd Hmdff˙akd Vdkbg F˙ld ne kdmfsg γ-
Bnmrhcdq sgd rhst˙shnm vgdqd xnt g˙ud svn rdptdmbdr ne kdmfsg δ , γ-

MN ; }’A . T ( 9  , δ’0(

HN ; }’A . A ( 9  , δ’1(

rtbg sg˙s MN hr ˙ o˙qsh˙k ok˙x ne sgd f˙ld ˙bbnqchmf sn ˙ rsq˙sdfx R � hm sgd Mnql˙k
Vdkbg F˙ld f˙ld a˙rdc nm >.+ ˙mc sgd A ˙qd sgd r˙ld hm ansg rdptdmbdr ˙mc
˙qhrd eqnl ˙ rdptdmbd ne mnql˙k rsqtbstqdr M  ’G’θ(.∈. (- =rrtld lnqdnudq+
sg˙s d˙bg A •MN >. ˙mc hmctbdr T lnctkn sgd mnm,rs˙shnm˙qx hcd˙k- Vd mnv
cdrbqhad gnv Ok˙xdq HH”r rsq˙sdfx R qdronmcr hm sgd Hmdff˙akd Vdkbg F˙ld vgdm
Ok˙xdq H ok˙xr ˙m ˙kfdaq˙ Aδ-
Rtoonrd sg˙s Ok˙xdq H ok˙xr ˙ rdsAδ sg˙s bnqqdronmcr sn rnldMδ  ’G’θ(.∈. (-

Kds Tδ ; R �’}A 9  ≤ δ( =ookx sgd rsq˙sdfx R � hm svn rsdor sn fds ok˙xr9
’Aδ. Tδ(. ’A∗.R �’}A 9  ≤ δWA∗(((.

vgdqd A∗ hr ˙ mnql˙k ˙kfdaq˙ bnqqdronmchmf sn ˙m dkdldms˙qx rtarsqtbstqd L ≺
’G’θ(.∈. .R �( bnms˙hmhmf sgd tmhnm Mδ T {Mδ.R �. }’A . T ( 9  , δ. }A 9  ,
δ{- Sgdm T∗ ; R �’}A 9  ≤ δWA∗((( hr ˙ L ,mnql˙k tksq˙fiksdq bnms˙hmhmf
Tδ ; R �’}A 9  ≤ δ( ˙r ˙ rtards- Rhmbd M bnms˙hmr ˙m dmtldq˙shnm ne Tδ ˙r
}V 9  , κ+ T∗ bnms˙hmr rnld A •   <κV -
Cdfimd R’}T 9  ≤ δ( ; Aδ sn ad sgd  ,kd˙rs dkdldms A

∗ ∈ T∗ vhsg sghr
oqnodqsx- Sgdm9

• Aδ hmctbdr sgd tksq˙fiksdq Tδ-
• Aδ cdsdqlhmdr ˙ kdf˙k lnud hm sgd Hmdff˙akd Vdkbg F˙ld ˙s rs˙fd δ hm
qdronmrd sn }A 9  ≤ δ-

Rhmbd P� hr ˙ vhmmhmf rsq˙sdfx hm sgd mnql˙k f˙ld+ >. ∈ T.+ gdmbd hm Tγ + ˙mc gdmbd
Aδ •MN >.-
=ookxhmf sghr hmctbshudkx rgnvr sg˙s ’A( hlokhdr ’=(-

BnpniiYpw 08- Ids γ ad W khlhs nqchmWk- Rtoonrd sgWs }’> . T ( 9  , γ hr W okWx
ne sgd MnqlWk Udkbg FWld ne kdmfsg γ vgdqd NkWxdq HH trdr W vhmmhmf rsqWsdfx R �
enq sgd MnqlWk Udkbg FWld- Sgdm sgdqd hr W rdptdmbd }A )1 9  , γ ne rtardsr
ne κ rtbg sgWs

’0( A )1 ∈ T )1 Wmc
’1( A )1 hmctbdr sgd tksqWfiksdq T )0-
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3- BnloUqhmf bnlokdsd hmdeeUahkhsw Umc l,hmdeeUahkhsw

Vd vhkk g˙ud svn mnshnmr ne sgqd˙chmf+ nmd c˙sdr sn Z10“+ ˙mc sgd nsgdq sn Z5“-
Vd adfhm vhsg sgd mnshnm vd trd sn cdfimd sgd Bnlokdsdkx Hmdff˙akd Hcd˙k-
Pdl˙qjr rhlhk˙q sn sgd enkknvhmf ˙ood˙q hm Z06“-

Opnonrhshnm 1.- Rtoonrd sgWs G hr W mnqlWk oqdbhohsntr hcdWk nm W qdftkWq bWqchmWk
κ- He G dwsdmcr sgd Anlokdsdkx Hmd Wakd HcdWk) sgdm enq Wkk fdmdqhb E • M’κ(<G he
i 9 U � L • U ZE“ hr sgd fdmdqhb dladcchmf vhsg sqWmrhshud L ∼; Tjo’U.E( sgdm
M’κ(G ; M’κ(S -

 Kds P̂ ad ˙ sdql enq ˙m dkdldms ne M’κ(G ˙mc V ∈ M’κ(<G- Hs rtfibdr sn rgnv
sg˙s sgdqd hr ˙ cdmrd rds ne X ∈ M’κ(<G rtbg sg˙s enq rnld > ∈ M’κ(S + X  P̂ ; >̌-
Sgdm sgdqd hr ˙ cdmrd rds ne V � •A V rtbg sg˙s enq rnld f 9 κ� M’κ(

V �  Zf “D ; P̂.

Ehw rtbg ˙ o˙hq ’V �. f(- Sgdm+ ax sgd mnql˙khsx ne G vd b˙m ˙rrtld sg˙s enq ˙kk
 ∈ V �. f’ ( •  -
Kds C ; f’ (- Rhmbd G dwsdmcr sgd Bnlokdsdkx Hmdff˙akd Hcd˙k G hr ˙ sgqd˙chmf

hcd˙k- Gdmbd sgdqd hr ˙ cdmrd nodm bnkkdbshnm ne X ∈ N ’κ(<G adknv V � rtbg sg˙s
rnld > sgqd˙cr }C 9  , κ nm X - He X hr hm sghr cdmrd rds ˙mc X ∈ E+ sgdm
X  > ; Zf “D- 

=kk ne sgd oqdbhohsntr hcd˙kr bnmrsqtbsdc hm Z00“ nq hm sghr o˙odq dwsdmc sgd
Bnlokdsdkx Hmdff˙akd Hcd˙k- Gdmbd Oqnonrhshnm 1. ˙ookhdr sn sgdl-
Pdb˙kk sgd chrbtrrhnm hm Pdl˙qj 02 vgdqd sgd Jtmdm athks ˙ lncdk vhsg ˙m

hm˙bbdrrhakd κ vhsg ˙ Rtrkhm sqdd- Enqbhmf vhsg sgd Rtrkhm sqdd hr κ,b-b- ˙mc qdbnudqr
˙m dkdldms˙qx dladcchmf i 9 U �L vhsg bqhshb˙k onhms κ+ vgdqdL hr vdkk,entmcdc-
Hm o˙qshbtk˙q sgd hmctbdc hcd˙k G nm κ hr oqdbhohsntr ˙mc enqbhmf vhsg M’κ(<G ˙ccr
˙ mdv rtards ne κ- Sgtr Oqnonrhshnm 1. hr mns u˙btntr9 hs hr bnmrhrsdms sg˙s sgdqd
˙qd mnql˙k oqdbhohsntr hcd˙kr nm hm˙bbdrrhakd b˙qchm˙kr sg˙s cn mns bnmbdmsq˙sd nm
onrhshudr rdsr enq sgd Bnlokdsdkx Hmdff˙akd Hcd˙k-
Vd vhkk trd Oqnonrhshnm 10 hm sgd mdws rdbshnm- Hs hr rhlhk˙q+ ats mns hcdmshb˙k sn

Kdll˙ 6-0 hm Z5“+ ˙mc bknrdkx qdk˙sdc sn hcd˙r hm Z2“+ Z3“+ Z4“ ˙mc hm Z7“-

Opnonrhshnm 10- Ids κ ad qdftkWq Wmc > ∈ G)
j ) sgdm > hr Π0

1j,qdfidbshmf- SgWs
hr) enq dudqx Π0

1j,rdmsdmbd Φ Wmc rsqtbstqd ne sgd enql L ; }Uκ.∈. A rtbg sgWs
L |; Φ) sgdqd hr Wm  ∈ > rtbg sgWs }U .∈. A ∩ U  |; Φ- Hm oWqshbtkWq) Φ qdfidbsr
sn W rsWshnmWqx rds-

 Oqnbddc ax hmctbshnm nm l- Sgd b˙rd l ; . hr sqhuh˙k rhmbd > hr rs˙shnm˙qx- Ax
Pdl˙qj 12+ enq l / . vd l˙x ˙rrtld vhsgnts knrr ne fdmdq˙khsx sg˙s dudqx  ∈ >
hr hm˙bbdrrhakd-
=rrtldL ; }Uκ.∈. A |; Φ+ ˙mc ˙rrtld sg˙s enq dudqx  ∈ >+

}U .∈. A ∩ U  |; ¬Φ.
Sgd rdmsdmbd Φ hr ne sgd enql ∀V∃XΨ’V. X (+ vgdqd Ψ’V. X ( hr ˙ Π0

1j 1 enqltk˙-
Gdmbd enq  ∈ > sgdqd hr S • U rtbg sg˙s

L ; }U .∈. A ∩ U  |; ∀X ¬Ψ ’S . X ( .
Sgd rds S b˙m ad bncdc ˙r P + ˙ rtards ne  - Rhmbd > ∈ G)

j + sgdqd ˙qd P • κ
˙mc A • >+ A ∈ G)

j 0+ rtbg sg˙s enq ˙kk  ∈ A+ P ∩  ; P - Sgdm P bncdr ˙
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rds S • Uκ- Vd bk˙hl sg˙s L |; ∀X ¬Ψ’S. X (- Mnsd sg˙s L |; ∀V∃XΨ’V. X (-
Gdmbd+ sgdqd hr X • Uκ rtbg sg˙sL |; Ψ’S. X (- Ax sgd hmctbshnm ˙rrtloshnm enq
l 0 ˙mc A+ sgdqd hr  ∈ A rtbg sg˙sL |; Ψ ’S ∩ U . X ∩ U (+ ats S ∩U ; S -
= bnmsq˙chbshnm- 

3-0- Sgd pdiYshnm adsvddm fld .aid ne nobdo l Ymc l,fld .afirft� Hm sghr
rdbshnm vd qdfimd sgd mnshnm ne hmdff˙ahkhsx- ’Rhlhk˙q hcd˙r vdqd rstchdc vhsgnts ˙
enql˙k m˙ld hm Z6“+ Z05“ ˙mc Z04“-(

Cdfimhshnm 11- Kds κ ad ˙m qdftk˙q tmbntms˙akd b˙qchm˙k- R˙x sg˙s κ hr hmd Wakd
ne nqcdq  he sgd hcd˙k G eqnl Cdfimhshnm 8 hr oqnodq-
Sghr cdfimhshnm fhudr ˙ m˙stq˙k rsqdmfsgdmhmf ne sgd bk˙rrhb˙k mnshnm ne hmd Wakd

b˙qchm˙kr- M˙ldkx+

• κ hr hmdff˙akd he ˙mc nmkx he κ hr hmdff˙akd ne nqcdq 0+ ˙mc
• he κ hr hmdff˙akd ne nqcdq  + sgdm κ hr hmdff˙akd ne nqcdq β enq ˙kk β ,  -

PdlWqi 12- He κ hr hmdff˙akd+ sgdm κ hr vd˙jkx bnlo˙bs- = oqnne ne sghr ˙ood˙qr hm
Z13“ rs˙qshmf nm o˙fd 103+ ˙mc hr ˙ssqhatsdc sn Jtmdm-

Hm Z5“+ A˙tlf˙qsmdq cdfimdr ˙mnsgdq rsqdmfsgdmhmf ne hmdff˙ahkhsx: m˙ldkx+ gd
cdfimdr l,hmdff˙ahkhsx enq l ∈ �- Gdqd vd rgnv sg˙s enq l ∈ �+ sgd mnshnmr ne
l,hmdff˙ahkhsx ˙mc hmdff˙ahkhsx ne nqcdq l g˙ud hmsdqkd˙uhmf oqnu˙akd rsqdmfsg-

Cdfimhshnm 13 ’A˙tlf˙qsmdq(- Kds κ ad ˙ qdftk˙q tmbntms˙akd b˙qchm˙k ˙mc > •
κ- Enq l ∈ �+ ˙m ’l.>(,rdptdmbd hr ˙ rdptdmbd yP ; }Ptβ | yβ ∈ Z>“j rtbg sg˙s
Ptβ • ’yβ(.-
Cdfimhshnm 14 ’A˙tlf˙qsmdq(- Kds κ ad ˙ qdftk˙q tmbntms˙akd tmbntms˙akd b˙qch,

m˙k- =m > • κ hr l,hmd Wakd he enq dudqx ’l.>(,rdptdmbd yP ; }Ptβ | yβ ∈ Z>“j+ sgdqd
hr C • κ ˙mc ˙ rs˙shnm˙qx A • > rtbg sg˙s enq ˙kk yβ ∈ ZA“j+ C ∩ ’yβ(. ; Ptβ -

He > ; κ vd r˙x sg˙s κ hr l,hmdff˙akd-

Sdplhmninfw- Vd vhkk r˙x sg˙s C sgqdWcr yP nm ZA“j-

Mnsd sg˙s κ adhmf 0,hmdff˙akd hr dpthu˙kdms sn κ adhmf hmdff˙akd- Kds κ ad ˙ qdftk˙q
tmbntms˙akd b˙qchm˙k-

Sgdnpdl ’A˙tlf˙qsmdq(- κ hr l,hmd Wakd hr dpthuWkdms sn sgd rsWsdldms.

Enq Wkk etmbshnmr f 9 Zκ“j)0 � 1 sgdqd hr W rsWshnmWqx gnlnfdmdntr
rds > • κ-

Hm sghr rdbshnm vd oqnud sg˙s oqnodqsx ne l,hmdff˙ahkhsx hmsdqsvhmdr vhsg hmd Wahkhsx
ne nqcdq l hm rsqdmfsg-

Cdfimhshnm 15- Kds A ad ˙ rsqtbstqd rtbg sg˙s κ • cnl’A(- = rtards H • κ hr ˙

rds ne qdlWqiWakd l,hmchrbdqmhakdr enq A he enq dudqx y . yβ ∈ ZH“j+ ˙mx fimhsd rdptdmbd

yγ hm ’lhm
 
’y (.. ’yβ(.

)
(<� ˙mc dudqx enqltk˙ Φ hm sgd k˙mft˙fd ne A

A |; Φ’yγ. y (⇔ A |; Φ’yγ. yβ(.

IdllY 16- Ids > • κ ad W rsWshnmWqx rds- Sgdm > hr l,hmd Wakd he Wmc nmkx he κ hr
hmWbbdrrhakd Wmc dudqx rsqtbstqd A vhsg κ • cnl’A( hm W kWmftWfd J ne bWqchmWkhsx
kdrr sgWm κ Wmc W oqdchbWsd enq > gWr W rsWshnmWqx rds H • > ne qdlWqiWakd l,
hmchrbdqmhakdr-
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 Kds }Φδ’yx( 9 δ , |J| dmtldq˙sd sgd enqltk˙r hm J vhsg eqdd u˙qh˙akdr yx-
Rtoonrd sg˙s > • κ hr l,hmdff˙akd- Vd rgnv sg˙s sgdqd hr ˙ rs˙shnm˙qx G • >

bnmrhrshmf ne qdl˙qj˙akd hmchrbdqmhakdr- Vhsgnts knrr ne fdmdq˙khsx vd b˙m ˙rrtld
sg˙s sgdqd hr ˙ etmbshnm rxlank }·. · hm J hmsdqoqdsdc hm A ˙r ˙ ahidbshnm }t. yx 9
|J|· Zκ“<� � κ-
Rhmbd > hr rs˙shnm˙qx vd b˙m ˙rrtld sg˙s > hr bknrdc tmcdq }t. yx ˙mc hsr hmudqrd-

Enq yβ ∈ Z>“j+ kds

Ptβ ; {}δ. yγ 9 yγ ∈ ’yβ(. ˙mc A |; Φδ’yγ. yβ({.

Ax l,hmdff˙ahkhsx+ sgdqd hr ˙ C • κ ˙mc ˙ rs˙shnm˙qx rds A • > rtbg sg˙s enq ˙kk
yβ ∈ ZA“j+ C ∩ ’yβ(. ; Ptβ - Sgdm A hr ˙ rds ne qdl˙qj˙akd l,hmchrbdqmhakdr-

Enq sgd nsgdq chqdbshnm fiw ˙ rdptdmbd }Ptβ 9 yβ ∈ Z>“j- Rtoonrd sg˙s dudqx
rsqtbstqd A ˙mc k˙mft˙fd J ˙r ˙anud g˙r ˙ rds G • > ne qdl˙qj˙akd l,hmchrbdqmhakdr

sg˙s hr rs˙shnm˙qx hm κ- Kds A ; }G’κ(. . . >.R . . .+ vgdqd R’γ. yβ(A he ˙mc nmkx
he γ ∈ Ptβ -

Kds G • > ad ˙ rs˙shnm˙qx rds ne qdl˙qj˙akd hmchrbdqmhakdr enq A- Kds y . yβ ∈ ZG“j-
=rrtld sg˙s  . ≤ β.- Rhmbd G hr ˙ qdl˙qj˙akd rds ne hmchrbdqmhakdr enq ˙kk γ ,  .+

γ ∈ Pt he ˙mc nmkx he γ ∈ Ptβ - Gdmbd C ; {γ , κ 9 enq rnld yβ ∈ ZG“j. γ ∈ Ptβ{
sgqd˙cr }Ptβ 9 yβ ∈ ZH“j- 

Opnonrhshnm 17- He > ∈ G)
j ’Wr hm Cdfimhshnm 8() sgdm > hr l,hmd Wakd-

 Vd oqnbddc ax hmctbshnm nm l-
He l ; 0+ kds }P |  ∈ > ad ˙ ’0. >(,rdptdmbd- Rhmbd > ∈ G)

0 sgdqd hr C • κ
˙mc ˙ rs˙shnm˙qx rds A • > rtbg sg˙s enq ˙kk  ∈ A+ C ∩  ; P - Sgdm C ˙mc A
vhsmdrr sg˙s > hr 0,hmdff˙akd-
Enq l / 0+ ˙rrtld sg˙s sgd oqnonrhshnm hr sqtd enq l  0- Ehw ˙ rdptdmbd yP ;

}Ptβ 9 β ∈ Z>“j- Enq  ∈ >+ kds }·. · 9  · Z “j 0 �  ad ˙ ahidbshnm oqdrdquhmf

sgd kdwhbnfq˙oghb˙k nqcdq nm  · Z “j 0-
Enq ˙ fiwdc  ∈ > cdfimd

• P tβ ; Ptβ� 

• P∗
 ; {}γ. yβ 9 γ ∈ P tβ 

Rhmbd > ∈ G)
j + sgdqd ˙qd A • > vhsg A ∈ G)

j 0 ˙mc C • κ rtbg sg˙s enq ˙kk
 ∈ A.C ∩  ; P∗

 -
Cdfimd ˙m ’’l 0(. A( rdptdmbd ax rdsshmf γ ∈ Ptβ he ˙mc nmkx he sgdqd hr ˙m  ∈ A+

vhsg  / l˙w’yβ( rtbg sg˙s }γ. yβ ∈ P∗
 - Sghr hr vdkk cdfimdc rhmbd C hr ˙ sgqd˙chmf

rds-
Ax hmctbshnm+ sgdqd hr ˙ rs˙shnm˙qx A∗ • A ˙mc C∗ • C rtbg sg˙s C∗ sgqd˙cr

sgd ’l 0. A(,rdptdmbd nm sgd rs˙shnm˙qx rds A∗- Sgdm C∗ ˙krn sgqd˙cr sgd nqhfhm˙k
’l.>(,rdptdmbd nm ZA∗“j- 

Mnshbd sg˙s sgd rs˙sdldms [> • κ hr l,hmdff˙akd� b˙m ad dwoqdrrdc ˙r ˙ Π0
2,

rdmsdmbd hm sgd rsqtbstqd }Uκ.∈. >9 [enq dudqx P bnchmf ˙m ’l.>(,rdptdmbd+ sgdqd
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˙qd A ˙mc D rtbg sg˙s enq dudqx bkta B • κ+ D ∩ B ; ¬ ˙mc ϕ+� vgdqd ϕ hr
fiqrs,nqcdq- Rn vd g˙ud sgd enkknvhmf9

BnpniiYpw 18- He κ hr hmd Wakd ne nqcdq l / 0) sgdm sgdqd Wqd rsWshnmWqhkx lWmx
δ , κ vghbg Wqd l,hmd Wakd-

Mnsd sg˙s Bnqnkk˙qx 18 hr ˙ kdudk ax kdudk udqrhnm ne sgd vd˙jdq qdrtks+ Bnqnkk˙qx
3 ne Z12“-
Nm sgd nsgdq g˙mc9

Opnonrhshnm 2.- Rtoonrd sgWs κ hr l ) 0,hmd Wakd- Sgdm sgd rds ne δ , κ vghbg
Wqd hmd Wakd ne nqcdq l hr rsWshnmWqx hm κ-

 Vd bnmrhcdq sgd fiwdc rsqtbstqd L ; }G’κ)(.∈. . V vgdqd  hr ˙ vdkk
nqcdqhmf ne sgd rsqtbstqd ˙mc V • κ- SgdmL g˙r cdfim˙akd Rjnkdl etmbshnmr- Ax
Kdll˙ 16+ sgdqd hr ˙ rs˙shnm˙qx rds I ne qdl˙qj˙akd l ) 0,hmchrbdqmhakdr enq L-
Kds } h 9 . ≤ h ≤ l ∈ ZI “j)0- Enq h ≤ l)0+ kdsLh ad sgd dkdldms˙qx rtarsqtbstqd
ne L fdmdq˙sdc ax  . T { i | i , h{ ˙mc cdfimd ˙m dladcchmf µh 9 Lh � L ax
µh ’τ ’ .. . . . .  h 0(( ; τ ’ 0. . . . .  h(+ vgdqd τ hr nmd neL”r Rjnkdl etmbshnmr- Sgdm
µh hr ˙ vdkk cdfimdc dkdldms˙qx dladcchmf ˙mc i , h , l ) 0+ µi ; µh πLh- Mnsd
sg˙s rhmbd y hr ˙ rdptdmbd ne qdl˙qj˙akd hmchrbdqmhakdr+ enq dudqx C ⊂  .+ C ∈Lh+
vd g˙ud µh’C( ∩  . ; C-
Enq sgd qdrs ne sghr rdbshnm+ kds Gi ad sgd hcd˙k ˙r hm Cdfimhshnm 8+ bnmrsqtbsdc

qdk˙shud sn  . ’mns κ(-

IdllY 20- Ids h , l)0 Wmc > •  . vhsg > ∈Lh- He  . ∈ µh’>( sgdm > ∈ G)
j h-

 Oqnbddchmf ax qdudqrd hmctbshnm nm h+ vd rgnv sg˙s sgd kdll˙ gnkcr enq dudqx
>- He h ; l+ sgdm G. ; MP � - He > ∈Lj hr mns rs˙shnm˙qx hm  .+ sgdm sgd bkta B
vhsmdrrhmf sghr hr hmLj- Ats sgdm  . ∈ µj’B(∩ µj’>( ; ¬+ ˙ bnmsq˙chbshnm- Mnv
˙rrtld sgd qdrtks gnkcr enq h)0: vd rgnv hs enq h- Kds > ∈Lh+ > •  .+ ad rtbg sg˙s

 . ∈ µh’>(- Rtoonrd sg˙s > ∈ Gj h- Sgdm sgdqd hr ˙ rdptdmbd yP ; }Pβ | β ∈ >
rtbg sg˙s enq β ∈ >+ Pβ • β ˙mc enq dudqx A •  . sgd rds {β ,  . | Pβ ; A ∩ β{
hr hm Gj �h)0(- Sgd rdptdmbd yP b˙m ad ˙rrtldc sn ad hm Lh- Sgd cnl˙hm ne yP

hr >+ rn ax ˙rrtloshnm  . ∈ cnl’µ’yP((- Kds A ;
 
µh’yP(

)

 �
vhsg A ⊂  .- A hr

cdfim˙akd eqnl sgd hmchrbdqmhakdr cdfimhmf µh’yP( ’vghbg ˙qd  0. . . . h ˙mc hm ˙cchshnm
 .(- Gdmbd A ∈Lh)0- Kds B ; {β ,  . | β ∈ >. A ∩ β ; Pβ{- Sgdm B ∈Lh)0

˙r vdkk+ rn µh)0’B( hr cdfimdc-

µh)0’A( ∩  . ; A ; µh’yP( � ; µh)0’yP( �

Sgtr  . ∈ µh)0’B(- Ax sgd hmctbshud ˙rrtloshnm+ B ∈ G)
j h 0-

Gdmbd vd fds ˙ bnmsq˙chbshnm sn sgd ˙rrtloshnm sg˙s yP b˙mmns ad sgqd˙cdc nm ˙
rtards ne > vghbg hm G)

j h 0- 

Sn fimhrg sgd oqnne ne Oqnonrhshnm 2.+ ˙rrtld sg˙s κ hr l)0,hmdff˙akd+ ˙mc rtoonrd
enq bnmsq˙chbshnm sg˙s sgd rds ne hmdff˙akdr ne nqcdq l adknv κ hr mnm,rs˙shnm˙qx hm κ-
Kds V • κ ad ˙ bknrdc tmantmcdc rds vhsg dlosx hmsdqrdbshnm vhsg sgd hmdff˙akdr
ne nqcdq l- Rhmbd κ hr l ) 0,hmdff˙akd sgdqd hr ˙ rs˙shnm˙qx rds H • κ ne qdl˙qj˙akd
l,hmchrbdqmhakdr enq sgd rsqtbstqdL- Kds  .. . . . j ∈ H ∩V - -
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Kds µj 9Lj �L ad sgd dladcchmf cdfimdc ˙anud ’fhudm ax rgheshmf sgd nqchm˙kr
 h sn  h)0(- Sgdm  . ∈ µj ’ .( ;  0+ rn ax Kdll˙ 20+  . ∈ ’Gj()- Sghr hlokhdr
sg˙s  . hr hmdff˙akd ne nqcdq l- Ats  ∈ V + ˙ bnmsq˙chbshnm- 

4- Rgd oqnne ne sgd lUhm sgdnqdl

Adb˙trd ne sgd qdk˙shnmrgho ne ok˙xhmf mnql˙k f˙ldr sn sgd Bnlokdsdkx Hmdff˙akd
Hcd˙k ˙mc sgd rsqtbstqd ne sgd oqnne hm Z00“ vd mnv dwok˙hm sgd etkk udqrhnm ne sgd
oqnne ne Sgdnqdl 0-
Sgd rsqtbstqd ne Z00“ hr sg˙s hs rtbbdrrhudkx cdfimdr u˙qhntr f˙ldr9

• Sgd fiqrs hr sgd f˙ld EVγ vghbg hr sgd Vdkbg F˙ld ne kdmfsg γ- Hs hr b˙kkdc
[sgd f˙ld C. ne kdmfsg γ-� Sxohb˙kkx γ hr ˙ qdftk˙q b˙qchm˙k hm sgd hmsdqu˙k
Z�0.κ“+ gnvdudq hs hr ld˙mhmfetk hm sgd rhst˙shnm vgdqd γ hr ˙ rtbbdrrnq ne ˙
khlhs nqchm˙k- Hm sghr f˙ld Ok˙xdqr H ˙mc HH ˙ksdqm˙sd vhsg ok˙xdq H ok˙xhmf
˙m hmbqd˙rhmf rdptdmbd ne κ,˙kfdaq˙r ˙mc Ok˙xdq HH ok˙xhmf ˙m hmbqd˙rhmf
rdptdmbd ne κ,bnlokdsd tksq˙fiksdqr nm sgd κ,˙kfdaq˙r Ok˙xdq H ok˙xr-
= qdk˙sdc rodbh˙k b˙rd hr b˙kkdc C∗

�- Sghr f˙ld g˙r kdmfsg � ˙mc he }Ah. Th 9
h , � hr sgd ok˙x ax ok˙xdq HH+ sgdx vhm he sgdqd hr ˙ κ,bnlokdsd tksq˙fiksdq
nm

�
jAj sg˙s dwsdmcr

�
j Tj-

• =mnsgdq f˙ld hr sgd f˙ld C0- Sghr hr cdfimhshnm 3-3 hm Z00“- Sgd f˙ld C0

hr drrdmsh˙kkx sgd r˙ld ˙r sgd Mnql˙k Vdkbg F˙ld hm sghr o˙odq- Ok˙xdq HH
ok˙xr tksq˙fiksdqr T nm M ∩ M’κ( vgdqd M ≺ G’θ(- Sgd tksq˙fiksdqr ˙qd
M ,mnql˙k-

• Hs hr sgdm rgnvm sg˙s he Ok˙xdq HH b˙m vhm C0 sgdm sgdx b˙m vhm ˙mnsgdq
f˙ld C1- ’Oqnonrhshnm 3-01 ne Z00“-( Sgd f˙ld C1 hr ˙ chffdqdms udqrhnm ne
sgd Hmdff˙akd Vdkbg F˙ld cdfimdc hm Z00“

• Ehm˙kkx hs hr rgnvm sg˙s he sgdqd ˙qd mn κ),r˙stq˙sdc hcd˙kr nm κ ˙mc Ok˙xdq
HH vhmr sgd f˙ld ne kdmfsg γ sgdm sgdqd hr ˙ oqdbhohsntr hcd˙k nm κ vhsg
˙ cdmrd γ,bknrdc sqdd ne gdhfgs γ sg˙s bnmbdmsq˙sdr nm sgd rdsr ok˙xdc ax
ok˙xdq HH- Sgd ˙m˙knfntr qdrtks enq sgd udqrhnm ne C∗

� vhsg mnql˙k fiksdqr
hlokhdr ˙ oqdbhohsntr hcd˙k hr ˙krn rgnvm-

Sghr knfhb˙k oqnfqdrrhnm rgnvr sg˙s nmbd Ok˙xdq HH vhmr sgd f˙ld C1 sgdqd hr ˙
oqdbhohsntr hcd˙k G nm κ vgdqd

• G bnmbdmsq˙sdr nm sgd ct˙k ne sgd fiqrs fiksdq ok˙xdc ax Ok˙xdq HH
• Sgd rdsr ok˙xdc ax Ok˙xdq HH hm C1 enql ˙ cdmrd rds hm M’κ(<G ˙mc ˙qd ˙

γ,bknrdc sqdd ne gdhfgs γ

Oqnonrhshnm 07 rgnvr sg˙s he Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx hm sgd Mnql˙k
Vdkbg F˙ld ne kdmfsg γ+ vgdqd γ hr ˙ khlhs nqchm˙k+ sgdm Ok˙xdq HH g˙r ˙ vhmmhmf
rsq˙sdfx hm sgd Hmdff˙akd Vdkbg F˙ld ne kdmfsg γ vgdqd sgd ˙rrnbh˙sdc rdptdmbdr
ne fiksdqr ˙qd sgd r˙ld- Ats ˙ vhmmhmf rsq˙sdfx hm sgd Hmdff˙akd Vdkbg F˙ld hr ˙
vhmmhmf rsq˙sdfx hm sgd f˙ld C1-
Sn rdd sg˙s = hlokhdr A hm Sgdnqdl 0+ Oqnonrhshnm 07 rgnvr sg˙s He Ok˙xdq HH g˙r

˙ vhmmhmf rsq˙sdfx hm sgd Mnql˙k Vdkbg F˙ld bnmbdmsq˙shmf nm >.+ sgdm Ok˙xdq HH
b˙m vhm sgd f˙ld C1 hm ˙ l˙mmdq sg˙s >. hr hm dudqx hmctbdc fiksdq- Gdmbd ax sgd
sdbgmhptdr hm Z00“ he Ok˙xdq HH b˙m vhm sgd Mnql˙k Vdkbg F˙ld ne qdftk˙q kdmfsg
γ ∈ Z�0.κ“+ sgdm sgdqd hr ˙ oqdbhohsntr hcd˙k G bnmbdmsq˙shmf nm >. sg˙s g˙r ˙ cdmrd
sqdd C • N ’κ(<G sg˙s hr bknrdc tmcdq cdrbdmchmf rdptdmbd ne kdmfsg kdrr sg˙m γ-
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Trhmf sgd sdbgmhptdr hm Rdbshnm 4+ hs hr hlldch˙sd sg˙s he Ok˙xdq Hk vhmr sgd f˙ld
ne kdmfsg γ sgdm sgd mnql˙k fiksdqr sg˙s Ok˙xdq HH ok˙xr ˙qd ˙kk chrinhms eqnl sgd
Bnlokdsdkx Hmdff˙akd Hcd˙k- Gdmbd hs hr hlonrrhakd enq Ok˙xdq HH sn ok˙x ˙ fiksdq sg˙s
hmsdqrdbsr sgd Bnlokdsdkx Hmdff˙akd Hcd˙k- Rhmbd sgd hcd˙kr athks hm Z00“ ˙kk bnms˙hm
sgd hlonrrhakd hcdWk ’cdfimdc hm Z00“(+ sgd Bnlokdsdkx Hmdff˙akd Hcd˙k hr ˙ rtards ne
G-
Sn rdd sg˙s A hlokhdr =+ vg˙s”r kdes sn oqnud hr sg˙s he G hr ˙ mnql˙k+ κ,bnlokdsd

hcd˙k nm κ vhsg ˙ cdmrd γ,bknrdc sqdd ne gdhfgs γ sgdm Ok˙xdq HH vhmr sgd mnql˙k
f˙ld ne kdmfsg γ- Vd rgnv sg˙s Ok˙xdq HH g˙r ˙ vhmmhmf rsq˙sdfx R hm sgd Hmdff˙akd
Vdkbg F˙ld ne kdmfsg γ-
Rtoonrd sg˙s E • M’κ(<G hr fdmdqhb ˙mc L hr sgd sq˙mrhshud bnkk˙ord ne sgd

fdmdqhb tksq˙onvdq- Sgdm Oqnonrhshnm 1. rgnvr sg˙s M’κ(G ; M’κ(S - Rtoonrd
sg˙s }’A . A ( 9  , δ T {Aδ{ hr ˙ o˙qsh˙k ok˙x ne sgd f˙ld- Ax sgd chrsqhatshuhsx
ne M’κ(<G sgdqd hr ˙ onrhshud rds A ∈ M’κ(<G rtbg sg˙s enq ˙kk V ∈ Aδ A cdbhcdr

sgd rs˙sdldms V̌ ∈ Ê- Sgdm+ ax sgd mnql˙khsx ne G+

A ≤A  {V ∈ Aδ 9 A  V̂ ∈ ]E{.

Hm o˙qshbtk˙q A hmctbdr ˙ mnql˙k tksq˙fiksdq nm Aδ- Kds

R’}’A . A ( 9  , δ T {Aδ{

ad sgd kd˙rs rtbg dkdldms A nm sgd bknrdc sqdd ne gdhfgs γ-
Sghr athkcr ˙ ,A,cdbqd˙rhmf rdptdmbd ne rtardsr ne M’κ(- Rhmbd γ hr qdftk˙q ˙mc

sgd sqdd S hr , γ,bknrdc sghr rsq˙sdfx hr ˙ vhmmhmf rsq˙sdfx enq sgd f˙ld ne kdmfsg
γ- 

Mdedqdmbdr

Z0“ E- F- ;aq]lrnm+ K- ;- G]qqhmfsnm+ D- L- Jkdhmadqf+ ]mc V- R- Xvhbjdq+ Ekhoohmf oqnodqshdr.

W tmhexhmf sgqdWc hm sgd sgdnqx ne kWqfd bWqchmWkr+ ;mm- L]sg- Knfhb 01 ”0866(+ mn- 0+ 14z47+

CNH 0/-0/05.///2,3732”66(8///4,4- LQ35/01/

Z1“ ;qsgtq V- ;osdq ]mc R]g]qnm Rgdk]g+ Mm sgd rsqnmf dptWkhsx adsvddm rtodqbnloWbsmdrr Wmc

rsqnmf bnloWbsmdrr+ Sq]mr- ;ldq- L]sg- Rnb- 238 ”0886(+ mn- 0+ 0/2z017+ CNH 0/-0/8/.R///1,

8836,86,/0420,5- LQ0222274

Z2“ In]m A]f]qh]+ Cdqhudc snonknfhdr nm nqchmWkr Wmc rsWshnmWqx qdfidbshnm+ Sq]mr- ;ldq- L]sg-

Rnb- 260 ”1/08(+ mn- 2+ 0870z1//1+ CNH 0/-0/8/.sq]m.6255- LQ2783/30

Z3“ In]m A]f]qh]+ Ldm]bgdl L]fhcnq+ ]mc R]ku]cnq L]mbhkk]+ Sgd bnmrhrsdmbx rsqdmfsg ne gxodq,

rsWshnmWqhsx+ I- L]sg- Knf- 1� ”1/1/(+ mn- 0+ 1/4///3+ 24+ CNH 0/-0031.R/108/5021/4///3W-

LQ3/83445

Z4“ In]m A]f]qh]+ Ldm]bgdl L]fhcnq+ ]mc Ghqnrgh R]j]h+ Pdfidbshnm Wmc hmcdrbqhaWahkhsx hm sgd

bnmrsqtbshakd tmhudqrd+ Hrq]dk I- L]sg- 1�7 ”1/04(+ mn- 0+ 0z00+ CNH 0/-0//6.r00745,/04,0080,

6- LQ2305801

Z5“ I- D- A]tlf]qsmdq+ Gmd Wahkhsx oqnodqshdr ne bWqchmWkr- G+ Hm mhsd ]mc  mhsd rdsr ”Bnkknp-+

Jdrysgdkx+ 0862: cdchb]sdc sn O- Dqc–nr nm ghr 5/sg ahqsgc]x(+ Unkr- H+ HH+ HHH+ Bnkknp- L]sg- Rnb-

Ifi]mnr Ankx]h+ Unk- 0/+ Mnqsg,Gnkk]mc+ ;lrsdqc]l,Knmcnm+ 0864+ oo- 0/8z02/- LQ273442

Z6“ I]ldr D- A]tlf]qsmdq+ Gmd Wahkhsx oqnodqshdr ne bWqchmWkr- GG+ Knfhb+ entmc]shnmr ne l]sgd,

l]shbr ]mc bnlots]ahkhsx sgdnqx ”Oqnb- Ehesg Hmsdqm]s- Bnmfq- Knfhb+ Ldsgncnknfx ]mc Ogh,

knr- ne Rbh-+ Tmhu- Vdrsdqm Nms]qhn+ Knmcnm+ Nms-+ 0864(+ Tmhu- Vdrsdqm Nms]qhn Rdq- Oghknr-

Rbh-+ Unk- 8+ Qdhcdk+ Cnqcqdbgs,Anrsnm+ L]rr-+ 0866+ oo- 76z0/5- LQ43/66/

Z7“ Aqdms Bncx+ : qdfimdldms ne sgd PWlrdx ghdqWqbgx uhW hmcdrbqhaWahkhsx+ I- Rxla- Knf- 74

”1/1/(+ mn- 1+ 662z7/7+ CNH 0/-0/06.irk-1/08-83- LQ31/5000

Z8“ Aqdms Bncx ]mc Odsdq Gnkx+ GcdWk nodqWsnqr Wmc ghfgdq hmcdrbqhaWahkhsx+ I- Rxla- Knf- 77

”1/12(+ mn- 1+ 724z762+ CNH 0/-0/06.irk-1/11-48- LQ34832/0
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Z0/“ Ph Edmf+ : ghdqWqbgx ne PWlrdx bWqchmWkr+ ;mm- Otqd ;ook- Knfhb 38 ”088/(+ mn- 2+ 146z166+

CNH 0/-0/05./057,//61”8/(8//17,X- LQ0/6615/

Z00“ L]ssgdv Enqdl]m+ Ldm]bgdl L]fhcnq+ ]mc L]qshm Xdl]m+ FWldr vhsg fiksdqr G+ I- L]sg-

Knf- 13 ”1/13(+ mn- 2+ O]odq Mn- 134///2+ 42+ CNH 0/-0031.R/108/502134///2W- LQ3721634

Z01“ E- F]kuhm+ S- Idbg+ ]mc L- L]fhcnq+ :m hcdWk fWld+ I- Rxlankhb Knfhb 32 ”0867(+ mn- 1+

173z181+ CNH 0/-12/6.1161716- LQ374280

Z02“ Uhbsnqh] Fhsl]m+ PWlrdx,khjd bWqchmWkr+ I- Rxlankhb Knfhb 65 ”1/00(+ mn- 1+ 408z43/+ CNH

0/-1067.irk.02/470/651- LQ172/304

Z03“ Uhbsnqh] Fhsl]m ]mc O- C- Vdkbg+ PWlrdx,khjd bWqchmWkr GG+ I- Rxlankhb Knfhb 65 ”1/00(+

mn- 1+ 430z45/+ CNH 0/-1067.irk.02/470/652- LQ172/324

Z04“ Odsdq Gnkx ]mc Oghkhoo Rbgkhbgs+ : ghdqWqbgx ne PWlrdx,khjd bWqchmWkr+ Etmc- L]sg- 131

”1/07(+ mn- 0+ 38z63+ CNH 0/-3/53.el285,8,1/06- LQ27//645

Z05“ Odsdq Gnkx+ PWlrdx,khjd nodqWsnqr+ Etmc- L]sg- 148 ”1/11(+ mn- 1+ 000z038+ CNH

0/-3/53.el878,4,1/11- LQ34/1/77

Z06“ Odsdq Gnkx ]mc Oghkhoo Kt́bjd+ RlWkk lncdkr� kWqfd bWqchmWkr� Wmc hmctbdc hcdWkr+ ;mm-

Otqd ;ook- Knfhb 061 ”1/10(+ mn- 1+ O]odq Mn- 0/1778+ 4/+ CNH 0/-0/05.i-]o]k-1/1/-0/1778-

LQ3045777

Z07“ S- Idbg+ L- L]fhcnq+ V- Lhsbgdkk+ ]mc J- Oqhjqx+ Oqdbhohsntr hcdWkr+ I- Rxlankhb Knfhb 34

”087/(+ mn- 0+ 0z7+ CNH 0/-12/6.1162238- LQ45/11/

Z08“ Sgnl]r Idbg+ Rds sgdnqx+ Roqhmfdq Lnmnfq]ogr hm L]sgdl]shbr+ Roqhmfdq,Udqk]f+ Adqkhm+

1//2- Sgd sghqc lhkkdmmhtl dchshnm+ qduhrdc ]mc dwo]mcdc- LQ083/402

Z1/“ Sgnl]r Idbg ]mc J]qdk Oqhjqx+ GcdWkr nudq tmbntmsWakd rdsr. WookhbWshnm ne Wklnrs chrinhms

etmbshnmr Wmc fdmdqhb tksqWonvdqr+ Ldl- ;ldq- L]sg- Rnb- 07 ”0868(+ mn- 103+ hhh)60+ CNH

0/-0/8/.ldln./103- LQ408816

Z10“ Sgnl]r I- Idbg+ Rnld bnlahmWsnqhWk oqnakdlr bnmbdqmhmf tmbntmsWakd bWqchmWkr+ ;mm- L]sg-

Knfhb 4 ”0861.62(+ 054z087+ CNH 0/-0/05.///2,3732”62(8//03,3- LQ214286

Z11“ B- ;- Ingmrnm+ Chrsqhatshud hcdWkr Wmc oWqshshnm qdkWshnmr+ I- Rxlankhb Knfhb 40 ”0875(+ mn- 2+

506z514+ CNH 0/-12/6.1163/07- LQ742733

Z12“ B- ;- Ingmrnm+ Inqd nm chrsqhatshud hcdWkr+ Etmc- L]sg- 017 ”0876(+ mn- 1+ 002z02/+ CNH

0/-3/53.el,017,1,002,02/- LQ807316

Z13“ ;- J]m]lnqh ]mc L- L]fhcnq+ Sgd dunktshnm ne kWqfd bWqchmWk Wwhnlr hm rds sgdnqx+ Ghfgdq

rds sgdnqx ”Oqnb- Bnme-+ L]sg- Enqrbgtmfrhmrs-+ Nadqvnke]bg+ 0866(+ Kdbstqd Mnsdr hm L]sg-+

unk- 558+ Roqhmfdq+ Adqkhm+ 0867+ oo- 88z164- LQ41/08/

Z14“ G- I- Jdhrkdq ]mc ;- S]qrjh+ Eqnl Wbbdrrhakd sn hmWbbdrrhakd bWqchmWkr- Pdrtksr gnkchmf enq Wkk

Wbbdrrhakd bWqchmWk mtladqr Wmc sgd oqnakdl ne sgdhq dwsdmrhnm sn hmWbbdrrhakd nmdr+ Etmc-

L]sg- 42 ”0852.53(+ 114z2/7+ CNH 0/-3/53.el,42,2,114,2/7- LQ0550/6

Z15“ Jdmmdsg Jtmdm+ RWstqWsdc hcdWkr+ I- Rxlankhb Knfhb 32 ”0867(+ mn- 0+ 54z65+ CNH

0/-12/6.1160838- LQ384007

Z16“ L- L]fhcnq+ AnlahmWsnqhWk bgWqWbsdqhyWshnm ne rtodqbnloWbs bWqchmWkr+ Oqnb- ;ldq- L]sg-

Rnb- 31 ”0863(+ 168z174+ CNH 0/-12/6.1/28607- LQ216407

Z17“ J- K- Oqhjqx+ AgWmfhmf ldWrtqWakd hmsn Wbbdrrhakd bWqchmWkr+ Chrrdqs]shnmdr L]sg- ”Qnyoq]vx

L]s-( 57 ”086/(+ 44- LQ151/64

Z18“ C]m R]]ssqto Mhdkrdm ]mc Oghkho Vdkbg+ FWldr Wmc PWlrdx,khjd bWqchmWkr+ I- Rxla- Knf-

73 ”1/08(+ mn- 0+ 3/7z326+ CNH 0/-0/06.irk-1/07-64- LQ28117/1
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