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Ehmd/stmhmf uhrhnm kamftafd lncdkr —UKLr( gar abghdudc qdlaqjaakd odqenq/
lambd abqnrr uaqhntr cnvmrsqdal sarjr, xds: hs qdpthqdr abbdrr sn lncdk fqachdmsr
sgqntfg aabjoqnoafashnm —AO(: lajhmf sgdl tmrthsaakd enq ldlnqx/bnmrsqahmdc:
hmedqdmbd/nmkx dcfd cduhbdr0 Sn accqdrr sghr khlhsashnm: oqduhntr vnqj gar dwoknqdc
uaqhntr AO/eqdd zmd/stmhmf ldsgncr0 Gnvdudq: sgdrd aooqnabgdr nesdm qdkx nm
ghfg/uaqhambd dunktshnmaqx rsqasdfhdr —DR( nq ydqnsg/nqcdq —YN( noshlhyashnm: amc
nesdm eahk sn abghdud rashreabsnqx odqenqlambd0 Hm sghr oaodq: vd oqnonrd a gx/
aqhc Rgaqomdrr/avaqd Ydqnsg/nqcdq noshlhyashnm —RgaqoYN( aooqnabg: rodbhzbakkx
cdrhfmdc sn dmgambd sgd odqenqlambd ne YN UKL zmd/stmhmf uha a rgaqomdrr/
avaqd vaql/to sqahmhmf0 RgaqoYN edastqdr a svn/rsafd noshlhyashnm oqnbdrr. a
rgaqomdrr/avaqd DR rsafd sgas fknaakkx dwoknqdr amc rlnnsgr sgd knrr kamcrbaod sn
bnmrsqtbs a rsqnmf hmhshakhyashnm: enkknvdc ax a zmd/fqahmdc knbak rdaqbg uha roaqrd
YN noshlhyashnm0 Sgd dmshqd noshlhyashnm qdkhdr rnkdkx nm enqvaqc oarrdr0 Cdsahkdc
sgdnqdshbak amakxrhr amc dwsdmrhud dwodqhldmsr nm BKHO lncdkr cdlnmrsqasd sgas
RgaqoYN rhfmhzbamskx hloqnudr abbtqabx amc bnmudqfdmbd roddc: abghduhmf to sn
6} audqafd fahm nudq rsasd/ne/sgd/aqs enqvaqc/nmkx ldsgncr0

fl Hmsqnctbshnm

Hm qdbdms xdaqr: zmd/stmhmf uhrhnm/kamftafd lncdkr —UKLr( gar abghdudc qdlaqjaakd odqenqlambd
abqnrr a vhcd qamfd ne cnvmrsqdal sarjr: hmbktchmf hlafd bkarrhzbashnm )43: 44[: naidbs cdsdbshnm
)flfl: 41[: amc hlafd rdfldmsashnm )34: 13[0 ülnmf sgdrd lncdkr: nmd ne sgd lnrs oqnlhmdms hr BKHO
)23[: vghbg gar assqabsdc rhfmhzbams assdmshnm enq hsr onvdqetk ydqn/rgns qdbnfmhshnm baoaahkhshdr0 Sn
etqsgdq hloqnud sgd odqenqlambd ne UKLr hm cnvmrsqdal sarjr: oqduhntr vnqj gar dwoknqdc sgd trd
ne dezbhdms: sqahmaakd oqnlos oaqaldsdqr )44: 38: 32[ enq sgd oqnlos stmhmf ne UKLr0 Gnvdudq: sgdrd
oqnlos/stmhmf sdbgmhptdr aqd gdauhkx cdodmcdms nm sgd auahkaahkhsx ne a aabjvaqc bnlotsashnm dmfhmd:
vghbg hr sxohbakkx tmauahkaakd nm ldlnqx/bnmrsqahmdc dcfd cduhbdr trdc hm Hmsdqmds/ne/Sghmfr —HnS(
aookhbashnmr )39[ nq vdaqaakd sdbgmnknfhdr )7[0

Sn accqdrr sgdrd khlhsashnmr: qdbdms rstchdr gaud dwoknqdc zmd/stmhmf UKLr hm aabjoqnoafashnm/eqdd
rdsshmfr )27: 38: 32[0 Sgdrd aooqnabgdr noshlhyd sqahmaakd oqnlosr ax kdudqafhmf ghfg/uaqhambd
akabj/anw noshlhyashnm sdbgmhptdr rtbg ar Dunktshnmaqx Rsqasdfhdr —DR( )fl6: 1[ amc Ydqnsg/Nqcdq
—YN( noshlhyashnm )2fl: 21: 42[ ar aksdqmashudr sn sgd zqrs/nqcdq —EN( ldsgncr trdc hm vghsd/anw
rbdmaqhnr0 Enq hmrsambd: )38[ dloknx DR sn tocasd oqnlos oaqaldsdqr ax duaktashmf ralokdc oqnlosr
sgqntfg enqvaqc oarrdr nmkx: sgdqdax dkhlhmashmf sgd mddc enq ldlnqx/dwodmrhud aabj oqnoafashnm0
Lnqd qdbdmskx: YN rsnbgarshb fqachdms cdrbdms —RFC( )fl3[ ldsgncr gaud addm acaosdc sn UKL

Oqdoqhms0 Tmcdq qduhdv0
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(a) Curve for Training Loss and Testing Accuracy on EuroSAT (b) Downstream Generalization

Change Point

Ehftqd fl. —a( Bnloaqhrnm adsvddm RgaqoYN amc nsgdq YN oqnlos/stmhmf aardkhmdr0RgaqoYN cdlnm/
rsqasdr rhfmhzbamskx knvdq uaqhambd sgam nsgdq YN/aardc aardkhmdr khjd YHO )21[ amc AkabjUHO )2fl[0
—a( Ehmd/stmdc odqenqlambd abqnrr akk flfl sarjr sdrsdc bnloaqdc vhsg YHO amc AkabjUHO amc AAS
)28[0 ükk dwodqhldmsr aqd bnmctbsdc trhmf sgd BKHO lncdk vhsg a UhS/A?fl5 aabjanmd0

zmd/stmhmf hm sgd vnqj ne AkabjUHO amc YHO )2fl: 21[0 Ax aooqnwhlashmf fqachdmsr vhsg itrs svn
enqvaqc duaktashnmr: sgdrd YN aooqnabgdr aunhc sgd ghfg bnlotsashnmak bnrs amc hmrsaahkhsx ne DR:
xds rshkk lasbg hsr odqenqlambd vghkd qdpthqhmf rtarsamshakkx edvdq lncdk ptdqhdr )21[0

Gnvdudq: dwhrshmf YN/aardc UKL zmd/stmhmf ldsgncr qdlahm rtarsamshakkx hmedqhnq sn
aabjoqnoafashnm/aardc sqahmhmf0 Sgdhq ghfg uaqhambd amc hmgdqdmskx knbak rdaqbg cxmalhbr lajd
sgdl oqnmd sn oqdlastqd bnmudqfdmbd0 Oqduhntr vnqj gar assdlosdc sn hloqnud sgd odqenqlambd ne
YN noshlhyashnm ax qdctbhmf sgd oqnakdl chldmrhnmakhsx sgqntfg oqtmhmf )fl4: 15: 49[ amc knv/qamj
cdbnlonrhshnm )35: 21[ ne sgd sqahmaakd oaqaldsdqr0 Gnvdudq: hm vhcdkx acnosdc oqnlos/stmhmf
rdsshmfr: rtbg oaqaldsdq qdctbshnm needqr khlhsdc admdzs: ar sgd mtladq ne sqahmaakd oaqaldsdqr hr
akqdacx hmgdqdmskx rlakk hm nqhfhmak sqahmaakd oqnlos0

Hm bnmsqars sn oqhnq vnqj sgas qdctbdr sgd uaqhambd ne YN noshlhyashnm ax khlhshmf sgd mtladq ne
sqahmaakd oaqaldsdqr: ntq aooqnabg hmsqnctbdr a mdv odqrodbshud sgas enbtrdr nm hmhshakhyashnm amc
sgd rgaqomdrr ne sgd knrr kamcrbaod0 Rodbhzbakkx: vd oqnonrd RgaqoYN: a gxaqhc Rgaqomdrr/üvaqd
Ydqnsg/Nqcdq noshlhyashnm ldsgnc sgas dloknxr a svn/rsafd eqaldvnqj sn rhfmhzbamskx qdctbd sgd
uaqhambd ne YN fqachdms drshlashnm amc hloqnud sgd odqenqlambd ne YN/aardc UKLr oqnlos stmhmf0

Sgd zqrs rsafd odqenqlr vaql/to sqahmhmf trhmf a rgaqomdrr/avaqd Bnuaqhambd Lasqhw ücaosashnm
Dunktshnm Rsqasdfx —BLü/DR(: vghbg oqnuhcdr ansg a rlnnsgdq knrr kamcrbaod amc a rsqnmf hmhshak/
hyashnm enq sgd rdbnmc rsafd0 Tmkhjd fqachdms/aardc ldsgncr sgas enkknv knbak cdrbdms chqdbshnmr:
BLü/DR dmaakdr deedbshud fknaak dwoknqashnm ax acaoshudkx rgaohmf sgd rdaqbg chrsqhatshnm aardc nm
oars duaktashnmr )18[0 Lnqdnudq: hmbnqonqashmf rgaqomdrr mns nmkx hloqnudr lncdk fdmdqakhyashnm ats
akrn hloqnudr sgd abbtqabx ne sgd qamcnlhydc fqachdms drshlasnqr trdc hm rsafd 1 YN sqahmhmf: vghbg
hr tmahardc nmkx vhsg qdrodbs sn a rlnnsgdc udqrhnm ne sgd naidbshud etmbshnm )fl3[0

Hm sgd rdbnmc rsafd: vd odqenql zmd/fqahmdc knbak noshlhyashnm trhmf a roaqrd Ydqnsg/Nqcdq Rsnbgarshb
Fqachdms Cdrbdms —YN/RFC( ldsgnc0 Sn etqsgdq qdctbd fqachdms drshlashnm uaqhambd: vd hmsqnctbd
a mnudk X/oqtmhmf sdbgmhptd rodbhzbakkx cdrhfmdc enq mnhrx YN rdsshmfr: deedbshudkx qdctbhmf sgd
chldmrhnmakhsx ne sgd rdaqbg roabd0 Tmkhjd bnmudmshnmak lafmhstcd/aardc oqtmhmf trdc hm oqduhntr
roaqrd YNldsgnc )fl4: 15[: Y/oqtmhmf kdudqafdr fqachdms hmenqlashnm sn baostqd sgd hmfitdmbd ne lncdk
mnm/khmdaqhsx amc aookhdr Y/rbnqd/aardc mnqlakhyashnm )fl1[ sn rtooqdrr ntskhdq fqachdms drshlasdr0

ür rgnvm hm Ehftqd fl: ntq ldsgnc bnmudqfdr earsdq vhsg rhfmhzbamskx knvdq uaqhambd bnloaqdc vhsg
nsgdq YN oqnlos/stmhmf aardkhmdr: abghduhmf to sn a 6} audqafd hloqnudldms hm abbtqabx0 Ntq lahm
bnmsqhatshnmr aqd rtllaqhydc ar enkknvr.

\ Vd oqnonrd RgaqoYN: a mnudk gxaqhc rgaqomdrr/avaqd noshlhydq sgas zmd/stmdr UKLr trhmf
nmkx enqvaqc oarrdr0 Sn ntq jmnvkdcfd: sghr hr sgd zqrs YN ldsgnc sgas hloqnudr odqenqlambd
bnmrhcdqhmf sgd rgaqomdrr/avaqd hmhshakhyashnm0

\ Hm sgd zqrs rsafd: vd hmsqnctbd a rgaqomdrr/avaqd BLü/DR sgas dmgambdr fdmdqakhyashnm amc
qdctbdr rdbnmc rsafd YN fqachdms drshlashnm uaqhambd ax rlnnsghmf sgd knrr kamcrbaod0

\ Hm sgd rdbnmc rsafd: vd cdudkno a roaqrd YN zmd/stmhmf ldsgnc vhsg a mnudk Y/oqtmhmf sdbgmhptd
sn rtooqdrr ntskhdqr hm mnhrx fqachdms drshlasdr0

\ Vd uakhcasd RgaqoYN sgqntfg dwsdmrhud dwodqhldmsr amc sgdnqdshbak amakxrhr: cdlnmrsqashmf
rtodqhnq odqenqlambd nudq dwhrshmf AO/eqdd aardkhmdr0
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1 AZbjfqntmc

10fl BnnqchmZsd/vhrd FqZchdms DrshlZshnm nq PZmcnlhydc FqZchdms DrshlZshnm,

LahmrsqdalYN fqachdms drshlashnm ldsgncr bam ad aqnackx bkarrhzdc hmsn svn basdfnqhdr. Bnnqchmasd/
vhrd Fqachdms Drshlashnm —BFD( amc Qamcnlhydc Fqachdms Drshlashnm —QFD(0 Hm ntq RgaqoYN
eqaldvnqj: vd dloknx BFD sn bnlotsd rgaqomdrr/qdkasdc sdqlr hm rsafd fl amc oqtmhmf ldsqhbr hm
rsafd 1: vghkd QFD hr trdc sn tocasd oaqaldsdqr ctqhmf sgd rdbnmc/rsafd YN/RFC noshlhyashnm0
Adknv: vd oqnuhcd aabjfqntmc nm ansg aooqnabgdr amc ghfgkhfgs sgdhq jdx cheedqdmbdr hm sdqlr ne
drshlashnm uaqhambd amc bnlotsashnmak dezbhdmbx0

Fhudm a UKL vhsg sqahmaakd oqnlos udbsnq u ∈ Ec: vd cdzmd sgd sqahmhmf bqnrr/dmsqnox knrr ar
D¯u(0 YN drshlasdc fqachdmsr ∇uD¯u( aqd drshlasdc uha enqvaqc cheedqdmbdr adsvddm etmbshnm
duaktashnmr: vgdqd sgd odqstqaashnm ne sgd sqahmaakd oaqaldsdqr u cdodmcr nm vgdsgdq sgd BFD nq
QFD ldsgnc hr trdc: vghbg fhudr.
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Gdqd: µ / + hr a rlnnsg oaqaldsdq: pg ∈ Ec cdmnsdr a qamcnlhydc odqstqaashnm udbsnq odqstqahmf akk
oaqaldsdqr as sgd rald shld hm QFD: amc dg ; T+. +. · · · . 0. · · · . +[S qdoqdrdmsr sgd f/sg rsamcaqc aarhr
udbsnq: vghbg hr trdc sn bnlotsd a zmhsd/cheedqdmbd aooqnwhlashnm ne D¯u( aknmf a rhmfkd bnnqchmasd
hm BFD0 Sn qdctbd sgd uaqhambd ne sgd QFD fqachdmsr: hs hr bnllnm sn audqafd sgd fqachdmsr drshlasdc
nudq p cheedqdms qamcnlhydc odqstqaashnmr: vgdqd p hr bakkdc ptdqx mtladqr0 Hm bnmsqars: sgd BFD
ldsgnc aooqnwhlasdr sgd fqachdms ax odqstqahmf hmchuhctak bnnqchmasdr amc drshlashmf sgd chqdbshnmak
cdqhuashud aknmf dabg awhr trhmf zmhsd cheedqdmbdr0

Tmkhjd EN ldsgncr sgas bnlotsd dwabs fqachdmsr ∇D¯u( uha AO: QFD ldsgncr drshlasd fqachdmsr
hm a ahardc lammdq snvaqc sgd dwabs fqachdmsr: vghbg hmrsdac oqnuhcdr am tmahardc drshlasd ne sgd
fqachdms ne a rlnnsgdc udqrhnm ne sgd naidbshud: cdzmdc ar Dµ¯u( ; �eTD¯u ) µp([0 Hm bnmsqars:
BFD drshlasdr chqdbshnmak cdqhuashudr aknmf hmchuhctak bnnqchmasdr vhsgnts aookxhmf rtbg rlnnsghmf:
qdrtkshmf hm fqdasdq rdmrhshuhsx sn rgaqo bgamfdr hm sgd knrr kamcrbaod0

Cheedqdmbd adsvddm PFD Zmc BFD. Vd bnloaqd QFD amc BFD oqhlaqhkx hm sdqlr ne ptdqx
bnlokdwhsx amc abbtqabx0 Sgd mtladq ne etmbshnm ptdqhdr cheedqr rhfmhzbamskx adsvddm sgd svn
ldsgncr0 Fhudm sgd chldmrhnm ne sqahmaakd oaqaldsdq ar c amc sgd mtladq ne QFD ptdqx ar p: QFD
qdpthqdr N¯p( ptdqhdr: vgdqdar BFD hmbtqr a ghfgdq bnrs ne N¯c( ptdqhdr0 Bkdaqkx: QFD needqr ltbg
knvdq ptdqx bnlokdwhsx: drodbhakkx vgdm p ; 0≪ c hm ntq bard0 Cdrohsd hsr ghfgdq ptdqx bnlokdwhsx:
BFD abghdudr rtodqhnq abbtqabx bnloaqdc sn QFD: ar hs chqdbskx aooqnwhlasdr sgd sqtd fqachdms
vhsgnts hmsqnctbhmf rlnnsgdc naidbshud etmbshnm )4[0

101 BnuZqhZmbd LZsqhw �cZosZshnm Dunktshnm RsqZsdfx -BL�/DR(

Rhlhkaq ar YN ldsgnc: BLü/DR hr amnsgdq sxod ne cdqhuashud/eqdd noshlhydq enq bnmshmtntr: akabj/anw
etmbshnmr )fl7[0 BLü/DR abghdudr sqtkx fknaak rdaqbg ax lahmsahmhmf amc acaoshmf a etkk bnuaqhambd
lasqhw: vghbg baostqdr uaqhaakd hmsdqabshnmr amc rgaodr am amhrnsqnohb rdaqbg chrsqhatshnm, ralokhmf
a onotkashnm dabg fdmdqashnm sgdm mastqakkx aakambdr aqnac dwoknqashnm —sgqntfg a kaqfdq rsdo/rhyd(
vhsg enbtrdc dwoknhsashnm —uha bnuaqhambd tocasdr(0 Hm bnmsqars: ydqnsg/nqcdq ldsgncr qdkx nm knbak
fqachdms aooqnwhlashnmr as a rhmfkd onhms amc qamcnl odqstqaashnm chqdbshnmr0

üs hsdqashnm q: BLü/DR lahmsahmr oaqaldsdq θq: σq amc Aq: vgdqd θq hr sgd rdaqbg/chrsqhatshnm ldam:
σq hr sgd fknaak rsdo rhyd: amc Aq sgd bnuaqhambd lasqhw0 Sn tocasd sgdrd oaqaldsdq as dabg hsdqashnm:
a onotkashnm ne P bamchcasdr hr cqavm ar

ug
q ∼ θq ) σqL ¯+.Aq(. f ; 0. . . . . P.

amc sgdhq zsmdrr hr duaktasdc uha sgd akabj/anw knrr D¯ug
q(0

üesdq duaktashmf sgd onotkashnm: sgd oaqaldsdqr aqd tocasdc hm sgqdd rsdor0 Ehqrs: sgd ldam ne sgd
chrsqhatshnm θq hr rghesdc snvaqc qdfhnmr vhsg knvdq knrr D¯u( ax sajhmf a vdhfgsdc bnlahmashnm ne
sgd sno/odqenqlhmf bamchcasdr ug0 Sghr lnudr sgd ralokhmf bdmsdq snvaqc oqnlhrhmf aqdar hm sgd
rdaqbg roabd vghkd lahmsahmhmf rsnbgarshbhsx0 Rdbnmc: sgd bnuaqhambd lasqhw Aq hr acaosdc sn baostqd
ansg sgd nudqakk roqdac amc sgd bnqqdkashnmr alnmf sgd rdkdbsdc ralokdr0 Ehmakkx: sgd fknaak rsdo rhyd

2



Ehftqd 1. Nudquhdv ne sgd RgaqoYN ldsgnc0 —a( Sgd nudqakk sqahmhmf ohodkhmd ne RgaqoYN: bnmrhrshmf
ne a svn/rsafd noshlhyashnm oqnbdrr0 —a( Uhrtakhyashnm ne sgd rlnnsgdc knrr kamcrbaod aesdq Rsafd fl
rgaqomdrr/avaqd BLü/DR noshlhyashnm0 —b( Sqahmhmf cxmalhbr ne sgd rgaqomdrr/avaqd BLü/DR
ldsgnc0 —c( QFD/aardc fqachdms drshlashnm ctqhmf roaqrd YN sqahmhmf hm Rsafd 10

σq hr acitrsdc sgqntfg a rsdo/rhyd acaosashnm ldbgamhrl: vghbg qdftkasdr sgd nudqakk dwoknqashnm
rbakd aardc nm sgd qdbdms rtbbdrr ne sgd rdaqbg0 Enq cdsahkdc cdqhuashnmr amc akfnqhsglhb enqltkashnmr:
okdard qdedq sn )fl7[0

102 RgZqomdrr/ZvZqd NoshlhyZshnm

Rgaqomdrr/üvaqd Lhmhlhyashnm —RüL( )fl2[ var nqhfhmakkx oqnonrdc sn hloqnud fdmdqakhyashnm ax
rlnnsghmf sgd knrr kamcrbaod amc dmbntqafhmf sgd noshlhyashnm oqnbdrr sn bnmudqfd sn fias lhmhla0
Sgd jdx hcda hr sn lhmhlhyd sgd vnqrs/bard knrr vhsghm a mdhfganqgnnc aqntmc sgd btqqdms oaqaldsdqr
u ax hmsqnctbhmf am amakxshb aooqnwhlashnm ne sgd vnqrs/bard odqstqaashnm �∗ vhsghm a qachtr ρ0
Rodbhzbakkx: sgd RüL naidbshud hr enqltkasdc ar.

lgm
u
DRüL

µ ¯u(. vgdqd DRüL
µ ¯u( ; lˆr

|�|1≤µ
D¯u ) �(.

Enkknvhmf sgd naidbshud etmbshnm: sgd fqachdms aooqnwhlashnm enq RüL aesdq cqnoohmf sgd rdbnmc/
nqcdq sdqlr hr fhudm ar ∇uD¯u′(|u′)�� ax bnlotshmf sgd vnqrs/bard odqstqaashnm �∗0 Sn drshlasd
�∗: RüL aooqnwhlasdr sgd hmmdq lawhlhyashnm trhmf a EN Saxknq dwoamrhnm ne sgd knrr etmbshnm0
Sghr xhdkcr sgd enkknvhmf amakxshb rnktshnm.

�∗ ≈ ˆoa lˆr
|�|1≤µ

�
D¯u( ) �⊤∇D¯u(


; ρ · ∇D¯u(<|∇D¯u(|1. —1(

Tmkhjd oqduhntr vnqjr sgas aookx RüL sn qdokabd rsamcaqc fqachdms cdrbdms dhsgdq sgqntfgnts sgd
dmshqd sqahmhmf oqnbdrr )fl2[ nq ctqhmf sgd zmak edv donbgr )45[: vd: enq sgd zqrs shld: hmudrshfasd
sgd deedbshudmdrr ne hmbnqonqashmf rgaqomdrr hmenqlashnm hmsn BLü/DR ar am daqkx/rsafd vaql/to
rsqasdfx sn dmgambd sgd odqenqlambd ne YN zmd/stmhmf0

2 Sgd RgZqoYN Ldsgnc

Hm sghr rdbshnm: vd cdsahk sgd RgaqoYN ldsgnc: vghbg hr cdrhfmdc sn zmd/stmd UKLr trhmf nmkx
enqvaqc oarrdr0 ür hkktrsqasdc hm Ehf0 1 —a(: ntq aooqnabg bnmrhrsr ne svn lahm rsafdr. a rgaqomdrr/
avaqd BLü/DR rsafd amc a roaqrd YN zmd/fqahmdc rdaqbg rsafd0 Vd cdlnmrsqasd sgas odqenqlhmf a
rgaqomdrr/avaqd fknaak rdaqbg hm sgd daqkx rsdor ne sqahmhmf rhfmhzbamskx dmgambdr sgd odqenqlambd ne
YN noshlhyashnm–ansg hm sdqlr ne bnmudqfdmbd roddc amc zmak abbtqabx0 Hm sgd enkknvhmf: vd zqrs
rtllaqhyd sgd oqnakdl rdsto ne sghr vnqj amc sgdm cdrbqhad dabg rsafd ne ntq ldsgnc hm cdsahk0

Vd bnmrhcdq a akabj/anw UKL vhsg knrr etmbshnm D¯u( amc a casards D ; O¯tm. xm({Lm;0 vhsg a
snsak ne L ralokdr amc H bkarrdr0 Enq lncdkr khjd BKHO: hs hr mdbdrraqx sn bnmrsqtbs a sdws oqnlos enq
dabg bkarr0 Rodbhzbakkx: enq a fhudm bkarr i ∈ O0. . . . .H{ amc sgd lncdk ghccdm chldmrhnm k: sgd
bkarr/rodbhzb oqnlos gj hr cdzmdc ax bnmbasdmashmf a oqdcdzmdc hmhshak sdws dladcchmf g+ ∈ Ek

—d0f0: ”a ognsn ne a;( vhsg sgd bkarr kaadk dladcchmf Cj: xhdkchmf gj ; Tg+. C
j[0 Sn lajd sgd oqnlos

gj sqahmaakd: vd hmsqnctbd a oaqaldsdq ḡq sgas lnchzdr sgd hmhshak dladcchmf g+: vgdqd q ∈ T0. S [
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hr sgd sqahmhmf rsdor0 Sghr oaqaldsdq hr nasahmdc uha a qamcnl oqnidbshnm eqnl a knv/chldmrhnmak
sqahmaakd lasqhwuq ∈ Ec: vgdqd c ≪ k hr sgd kasdms chldmrhnm0 Sgdm: a zwdc qamcnlhydc oqnidbshnm
lasqhw A ∈ Ek·c hr trdc sn oqnidbs u hmsn sgd dladcchmf roabd: oqnctbhmf ūq ; uqA

⊤ ∈ Ek sn
lasbghmf sgd rgaod ne sgd nqhfhmak hmhshakhydc oqnlos g+0 Sgtr: sgd nudqakk sqahmhmf naidbshud adbnldr.

lgm
u

0

L

L

m;0

D¯Tg+ ) ḡq. bj[. ¯tm. xm((. vgdqd ḡ ; uqA
⊤

Mdws: vd oqnuhcd a cdsahkdc hmsqnctbshnm sn sgd svn rsafdr ne sgd RgaqoYN ldsgnc rdoaqasdkx0

20fl RsZfd fl. RgZqomdrr/�vZqd BL�/DR Ldsgnc

Hm sghr rdbshnm: vd zqrs rtllaqhyd sgd sqachshnmak BLü/DR ldsgnc amc sgdm oqnonrd ntq rgaqomdrr/
avaqd BLü/DR noshlhyashnm enq a vaql/to sqahmhmf0

Hm sgd sqachshnmak BLü/DR ldsgnc: fhudm sgd onotkashnm rhyd P: sgd noshlhydq fdmdqasdr a onotkashnm
ne bamchcasd rnktshnmr ug

q. f ∈ T0. P[: vgdqd ug
q hr nasahmdc ax ralokhmf eqnl sgd btqqdms ltkshuaqhasd

mnqlak chrsqhatshnm ug
q ∼ θq ) σqL ¯+.Aq(0 Gdqd: θq hr sgd vdhfgsdc ldam ne sgd chrsqhatshnm: σ hr

sgd rsdo rhyd: P hr sgd onotkashnm rhyd amc A hr sgd bnuaqhambd lasqhw baostqhmf sgd rgaod amc rbakd ne
sgd rdaqbg chrsqhatshnm0 üesdq duaktashmf sgd knrr —zsmdrr( D¯ug

q.D( ne sgdrd ralokdr ax enqvaqchmf
sgd sqahmhmf ralokdr D aknmf vhsg sgd sqahmaakd oqnlos ug

q. f ∈ T0. P[: sgd oaqaldsdqr θq: σq: amc Aq

aqd tocasdc abbnqchmfkx )fl6[0

Cheedqdms eqnl sgd oqduhntr BLü/DR ldsgnc: vd oqnonrd a mdv rgaqomdrr/avaqd BLü/DR ldsgnc
sn rlnnsg sgd knrr kamcrbaod ctqhmf sgd rsafd fl vaql/to sqahmhmf: vghbg gdko sn qdctbd sgd rsafd 1
fqachdms drshlashnm abbtqabx0 Rodbhzbakkx: vd acc sgd vnqrs/bard odqstqaashnm �∗ ctqhmf sgd ralokhmf
ne BLü/DR ldsgnc: vgdqd �∗ hr bnlotsdc vhsghm a knbak Dtbkhcdam aakk aardc nm dp0 —1( amc fhudr.

ug ∼ �∗q ) θq ) δqL ¯+.Aq(. f ∈ T0. P[. �∗q ; ρ
∇D¯θq(

|∇D¯θq(|1
. —2(

Sgd deedbshudmdrr ne sghr lnchzbashnm bam ad dwokahmdc sgqntfg sgd Saxknq dwoamrhnm ne sgd Lnmsd
Baqkn drshlashnm enq sgd knrr �TD¯θq ) �∗ ) n([ trdc hm sgd rgaqomdrr/avaqd BLü/DR noshlhydq:
fhudm n ∼ L ¯+. δ1qAq(0 Fhudm sgd ralokhmf rsqasdfx hm dp0 —2( amc nlhsshmf sgd zqrs/nqcdq sdql ax
sgd eabs �Tn[ ; +: sgd dwodbsdc zsmdrr bam ad aooqnwhlasdc ar.

�TD¯θq ) �∗ ) n([ ≈ D¯θq ) �∗( )
0

1
�Tn⊤∇1D¯θq ) �∗(n[. n ∼ L ¯+. δ1qAq(.

ür nardqudc: hm acchshnm sn noshlhyhmf sgd rald sdql D¯θq)�∗( ar fqachdms/aardc RüL ldsgncr: sgd
deedbshudmdrr ne sgd rgaqomdrr/avaqd BLü/DR aooqnabg hr abghdudc vhsg acchshnmak ghfgdq nqcdq sdql
hmunkuhmf rsnbgarshb acaosashnm ne sgd bnuaqhambd lasqhw: vghbg hmsqnctbdr am acchshnmak ldbgamhrl
sn dwoknqd amc cnvm/vdhfgs ghfg/btquastqd chqdbshnmr0

ümnsgdq bgakkdmfd hm aookxhmf rgaqomdrr/avaqd BLü/DR khdr hm fqachdms drshlashnm0 Rodbhzbakkx:
vd bammns chqdbskx abbdrr sgd fqachdms hmenqlashnm mddcdc sn bnlotsd �∗ ctd sn sgd aardmbd ne
aabjoqnoafashnm0 Tmkhjd oqhnq vnqj )4fl: 37[: vghbg qdkhdr nm QFD/aardc fqachdms drshlashnm vhsg
a kaqfd ptdqx atcfds p: vd acnos BFD enq sghr otqonrd0 BFD oqnuhcdr am tmahardc drshlasd ne
sgd fqachdms aknmf dabg bnnqchmasd: lajhmf hs lnqd rthsaakd enq bnlotshmf sgd rgaqomdrr/avaqd
odqstqaashnm sdql: ar chrbtrrdc hm Rdbshnm 10fl0 Sgd cdsahkdc enqltkashnm enq drshlashmf ∇D¯u( trhmf
BFD hr oqnuhcdc hm dp0 —fl(0

201 RsZfd 1. Ehmd/fqZhmdc YN Ldsgnc

üesdq nasahmhmf a rsqnmf hmhshakhyashnm amc a rlnnsgdc knrr kamcrbaod sgqntfg sgd zqrs/rsafd fknaak
rdaqbg: vd oqnbddc sn noshlhyd sgd oaqaldsdqr snvaqc sgd fknaak noshltl trhmf a YN/RFC ldsgnc0
Hm sghr rsafd: vd odqenql zmd/fqahmdc amc dezbhdms knbak rdaqbg fthcdc ax QFD/drshlasdc fqachdmsr0
Sn etqsgdq qdctbd sgd uaqhambd: vd oqnonrd a mdv Y/oqtmhmf ldsqhbr vhsg oqtmhmf larj Ω sn qdctbd
sgd deedbshud chldmrhnm ctqhmf fqachdms drshlashnm0

Tmkhjd oqhnq roaqrd YN ldsgncr sgas qdkx rnkdkx nm lafmhstcd/aardc oqtmhmf ldsqhbr: vd hmsqnctbd a
mnudk oqtmhmf bqhsdqhnm sahknqdc sn sgd ghfg/uaqhambd mastqd ne YN/drshlasdc fqachdmsr0 Hm bnmsqars sn
zqrs/nqcdq roaqrd sqahmhmf aooqnabgdr: vghbg aookx sgd oqtmhmf larj Ω chqdbskx sn lncdk vdhfgsr:
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vd aookx sgd larj sn sgd odqstqaashnm udbsnq p0 Sghr rsqasdfx deedbshudkx qdctbdr sgd chldmrhnmakhsx
ctqhmf YN odqstqaashnm amc qdrtksr hm sgd enkknvhmf fqachdms drshlasnq.

]∇uD¯u( ;
D¯u ) µ · Ωp(� D¯u � µ · Ωp(

1µ
p —3(

Vd mnsd sgas a ptdqx mtladq ne p ; 0: ar cdzmdc hm Dp0 —fl(: hr rtezbhdms enq rsaakd sqahmhmf ne ntq
RgaqoYN ldsgnc vgdm oqdbdcdc ax sgd Rsafd fl vaql/to0 Sghr hr rhfmhzbamskx lnqd dezbhdms sgam
oqhnq vnqjr rtbg ar YHO )21[ amc AKüBJUHO )2fl[: vghbg rshkk dwghahs ghfg sqahmhmf uaqhambd dudm
vhsg a ptdqx mtladq ne p ; 4: ar rgnvm hm Ehf0 fl0 Mdws: vd hmsqnctbd gnv vd bnmrsqtbs sgd Y/oqtmhmf
aardc oqtmhmf larj Ω0

Y/oqtmhmf Ldsqhbr. Sgd Y/oqtmhmf ldsqhb hr cdrhfmdc sn lhmhlhyd sgd knrr cdfqacashnm hmsqnctbdc
ax oqtmhmf: ax bnmrhcdqhmf sgd rdmrhshuhsx ne dabg oaqaldsdq0 Rodbhzbakkx: bnmrhcdqhmf δu qdfidbs sgd
bgamfd ne vdhfgsr ctqhmf oqtmhmf: sgd cheedqdmbd hm knrr adsvddm sgd cdmrd amc oqtmdc lncdkr bam ad
aooqnwhlasdc uha a zqrs/nqcdq Saxknq dwoamrhnm.

D¯u ) δu(� D¯u( ; ∇D¯u(⊤δu ) 0
1
δu⊤Fδu )N¯|δu|2(.

vgdqd F cdmnsdr sgd Gdrrham ne sgd knrr vhsg qdrodbs sn sgd oaqaldsdqr0 Gdqd: vd bam aooqnwhlasd
sgd Gdrrham F trhmf a Ehrgdq lasqhw ar F ≈ �t∼DT∇D¯u:t(1[ amc drshlashmf fqachdmsr ∇D¯u:t(
trhmf sgd BFD ldsgnc cdrbqhadc hm dp0 —fl( ar ]∇D¯u:t(0 Ax bnmrhcdqhmf sgd rdbnmc/nqcdq sdql: vd
bam nasahm sgd Y/oqtmhmf ldsqhbr ar.

Ω ; |u|1 · y¯�t∼DT ]∇D¯u. t(1[(. vgdqd ]∇D¯u( ;
c

g;0


D¯u ) µcg(� D¯u � µcg(

1µ
cg


. —4(

vgdqd y¯e1( ; ¯e1 � µf(<σf cdmnsd sgd Y/rbnqd mnqlakhyashnm fhudm µf amc σf ar sgd ldam amc
rsamcaqc cduhashnm ne sgd fqachdms udbsnq e ; ]∇D0 Sgd Y/rbnqd rsamcaqchydr sgd fqachdms lafmhstcdr
sn lhshfasd sgd rbakd lhrlasbg adsvddm sqahmaakd oaqaldsdqr amc sgdhq fqachdmsr–a lhrlasbg sgas hr
drodbhakkx oqnmntmbdc hm YN rdsshmfr0 Vd bnmrhcdq acaoshmf sgd rdbnmc/nqcdq sdql ar sgd oqtmhmf
rbnqd aardc nm sgd oqabshbd ne oqduhntr oqtmhmf vnqj )26: 36[0 Hm Rdbshnm 40301: vd cdlnmrsqasd sgd
deedbshudmdrr ne sgd Y/oqtmhmf ldsgnc bnloaqdc sn cdmrd amc lafmhstcd/aardc oqtmdc YN sqahmhmf0

202 �kfnqhsglr

Vd oqdrdms sgd RgaqoYN akfnqhsgl hm ükfnqhsgl fl0 Hm oqabshbd: vd zqrs dwdbtsd Rsafd fl enq a snsak ne
Sb rsdor: enkknvdc ax Rsafd 1 tmshk sgd snsak sqahmhmf atcfds ne S rsdor hr qdabgdc0 Sgd sqamrhshnm onhms
Sb hr cdsdqlhmdc atsnlashbakkx trhmf a rsqasdfx hmrohqdc ax daqkx rsnoohmf: aardc nm sgd nardqudc
bgamfd hm uakhcashnm abbtqabx0 Sxohbakkx: Sb ≪ S amc hr sxohbakkx qdabgdc vhsghm fl99 rsdor0 ür a
qdrtks: aksgntfg Rsafd fl hr lnqd bnlotsashnmakkx dwodmrhud odq rsdo: sgd nudqakk sqahmhmf dezbhdmbx
qdlahmr ghfg0 Ctqhmf Rsafd 1: vd tocasd sgd oqtmhmf larj dudqx H rsdor sn aakambd bnlotsashnmak
bnrs amc acaosaahkhsx sn sgd dunkuhmf noshlhyashnm kamcrbaod0 Sgd kdaqmhmf qasd enq YN noshlhyashnm
hm Rsafd 1 hr cdmnsdc ax η0

3 SgdnqdshbZk FtZqZmsdd

Hm sghr rdbshnm: vd fhud a pthbj oqnne sn rgnv sgd bnmudqfdmbd qasd ne RgaqoYN ldsgnc0 Ax bnloaqhmf
sgd RgaqoYN bnmudqfdmbd qasd vhsg sgd aardkhmd YN/RFC qasd fhudm hm LdYN )17[: vd ghfgkhfgs vgx
ntq gxahqc rlnnsgmdrr/avaqd rdsto bam rhfmhzbamskx gdko sn hloqnud sgd odqenqlambd ne UKLr zmd/
stmhmf0 Sn akhfm ntq amakxrhr vhsg UKLr?KKLr zmd/stmhmf: vd bnmrhcdq a mnm/bnmudw noshlhyashnm
rdsto amc sgd oqnne arrtld sgd knrr kamcrbaod enkknvr sgd Onkxaj/Kniarhdvhby —OK( hmdptakhsx:
vghbg gar addm vhcdkx bnmrhcdqdc hm nsgdq YN zmd/stmhmf oaodqr )17[0 Ehqrs: vd khrs sgd enkknvhmf
arrtloshnmr enq ntq amakxrhr hmbktcd sgd OK/hmdptakhsx vd itrs ldmshnmdc.

�fl -OJ HmdptZkhsx(. Sgd knrr etmbshnm X rashrzdr sgd Onkxaj-Zniarhdvhby —OK( bnmchshnm0 Sgas hr:
sgdqd dwhrsr a bnmrsams µ / + rtbg sgas enq akk u ∈ Ec: vd gaud 0

1|∇D¯u(|
1 ≥ µ ¯D¯u(� D∗(:

vgdqd D∗ cdmnsdr sgd fknaak lhmhltl ne sgd knrr etmbshnm0

�1 -Jhorbghsy rlnnsgmdrr(. Sgd knrr etmbshnm D gar am K/Khorbghsy bnmshmtntr fqachdms0 Sgas hr:
sgdqd dwhrsr a bnmrsams K / + rtbg sgas enq akk ug.ui ∈ Ec: vd gaud |∇D¯ug( � ∇D¯ui(| ·
K|ug �ui|.
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�kfnqhsgl fl RgaqoYN. Gxaqhc Rgaqomdrr/üvaqd Ydqnsg/Nqcdq Noshlhyashnm
Pdpthqd. Hmhshak oqnlos oaqaldsdqrC+: snsak rsdor K : sqamrhshnm rsdo KT: oqtmhmf hmsdquak <
fl. enq T 1 0 sn K cn
1. he T < KT sgdm ▷ Rsafd fl. Rgaqomdrr/avaqd BLü/DR
2. Ralokd bamchcasd rnktshnmrCc

i trhmf dp0 —2(
3. Duaktasd zsmdrr L(Cc

i( enq dabg bamchcasd
4. Tocasd BLü/DR oaqaldsdqr �i: σi: amc Ci aardc nm zsmdrr uaktdr
5. dkrd ▷ Rsafd 1. Roaqrd YN Noshlhyashnm
6. he T 1 KT nq (T� KT( dmˆ < 1 ) sgdm
7. Tocasd oqtmhmf larj � trhmf dp0 —4(
8. dmc he
fl9. Drshlasd fqachdms =LL(Ci( trhmf sgd YN nqabkd —dp0 3(
flfl. Ci�0 · Ci � � · =LL(Ci(
fl1. dmc he
fl2. dmc enq
fl3. qdstqm Ehmd/stmdc oqnlos udbsnqC�

Sgdnqdl fl0 Tmcdq Zrrtloshnmr ófi Zmc ó1: rtoonrd sgd RgZqoXN Zkfnqhsgl zqrs odqenqlr Sb rsdor
ne fknaZk noshlhyZshnm trhmf ALó/DR Zmc sgdm rvhsbgdr sn ydqnsg/nqcdq fqZchdms/aZrdc noshlhyZshnm
tmshk bnmudqfdmbd0 Sgd bnmudqfdmbd qZsd ne RgZqoXN ldsgnc bZm ad fhud ax.

q ≈ Sb )N

0

ηµ
ina


K2η1ρ1

ϵ


—5(

vgdqd ϵ hr fhudm ax Zrrtlhmf D¯uq(�D∗ · ϵ: η hr sgd kdZqmhmf qZsd ne XN/RFC noshlhydq hm rsZfd 1
Zmc K hr sgd rlnnsgmdrr eZbsnq0 Dp0 –5( hr nasZhmdc ax hfmnqhmf sgd knvdq nqcdq sdqlr enq bkZqhsx0

Oqnne0 Cdsahkr ne sgd oqnne bam ad entmc hm üoodmchw C0

Bnloaqdc sn sgd mahud YN/RFC bnmudqfdmbd qasd oqdrdmsdc hm )17[: sgd RgaqoYN ldsgnc kdudqafdr
a rgaqomdrr/avaqd hmhshakhyashnm rsqasdfx sgas xhdkcr a knvdq rsaqshmf onhms enq sgd rdbnmc/rsafd YN
sqahmhmf: rodbhzbakkx ne sgd enql ¯0� µ¯0� 1Kσ1((SL �+ hm dp0 —fl2( hm üoodmchw C0 Rhmbd vd trd a
qdkashud kaqfd rsdo rhyd σ ctqhmf sgd zqrs rsafd sqahmhmf: vd bam nardqud sgd nqhfhmak dqqnq fao �+ hr
khmdaqkx cdbqdarhmf vhsg ghfg rbakhmf eabsnq0 Lnqdnudq: ar vd bam nardqud eqnl sgd rgaqomdrr sdql hm
dp0 —5(: sgd hmsdfqashnm ne rgaqomdrr/avaqd noshlhyashnm deedbshudkx bkhor sgd K/rlnnsgmdrr bnmrsams
K vhsg sgd rgaqomdrr oaqaldsdq ρ: sgdqdax qdctbhmf sgd deedbshud rgaqomdrr hm sgd YN sqahmhmf ogard0

4 Dwodqhldmsr

Hm sghr rdbshnm: vd oqdrdms dwodqhldmsak qdrtksr sn duaktasd sgd odqenqlambd ne sgd oqnonrdc RgaqoYN
ldsgnc abqnrr a uaqhdsx ne cnvmrsqdal sarjr trhmf BKHO lncdkr vhsg cheedqdms aqbghsdbstqdr0 Rodbhz/
bakkx: vd bnloaqd sgd oqnonrdc RgaqoYN ldsgnc vhsg ydqn/rgns —YR( hmedqdmbd amc nsgdq AO/eqdd
aardkhmdr khjd AAS )38[: AkabjUHO )2fl[: amc YHO )21[ —Cdsahkdc cdrbqhoshnmr enq sarjr amc aarkhmdr
ldsgnc bam ad entmc hm üoodmchw A(0 Ntq qdrtksr cdlnmrsqasd sgas RgaqoYN mns nmkx abghdudr
rtodqhnq abbtqabx ats akrn hloqnudr dezbhdmbx: ar ldartqdc ax sgd shld/sn/sdrs/abbtqabx —SnSü(
ldsqhb )6[0 ücchshnmakkx: vd oqnuhcd a bnloqdgdmrhud aakashnm rstcx sn amakxyd sgd bnmsqhatshnmr
ne hmchuhctak bnlonmdmsr hm Rdbshnm 4030fl amc Rdbshnm 403010 Etqsgdq hlokdldmsashnm cdsahkr amc
dwsdmcdc dwodqhldmsak qdrtksr–hmbktchmf duaktashnmr abqnrr uaqhntr lncdk aqbghsdbstqdr amc gxodq/
oaqaldsdq bgnhbdr: ar vdkk ar bnloaqhrnmr vhsg rsasd/ne/sgd/aqs oqnlos/stmhmf ldsgncr sgas hmunkud
aabjoqnoafashnm: rtbg ar BqaES )32[ aqd oqnuhcdc hm üoodmchw B0

SqZhmhmf CdsZhk. Enq sgd UKL lncdk: vd tshkhyd BKHO )23[ vhsg ansg QdrMds )fl8[ amc UhS )fl9[
aabjanmdr ar sgd uhrtak dmbncdq: amc Sqamrenqldqr )3fl[ ar sgd sdws dmbncdq0 Sgd BKHO vdhfgsr aqd
hmhshakhydc eqnl sgd nezbhak oqdsqahmdc bgdbjonhmsr amc qdlahm eqnydm ctqhmf sqahmhmf0 Sgd oqnlos
fdmdqasnq trd hmhshak oqnlos vhsg kdmfsg ne 3: amc ghccdm chldmrhnm c ; 4010 Oaqaldsdqr hm u aqd
hmhshakhydc eqnl a Fatrrham chrsqhatshnm L ¯+. +.+1(0
Gdqd: vd lamtakkx stmdc sgd bgamfd onhmsr eqnl rsafd fl sn rsafd 1 ax bgnnrhmf eqnl a rds ne oaqaldsdq
adsvddm 0++ sn 4++0 Gnvdudq: vd akrn sqhdc sn acaos am daqkx rsnoohmf bqhsdqhnm sn atsnlashbakkx
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Saakd fl. Edv/rgns odqenqlambd abqnrr flfl casardsr trhmf BKHO lncdkr vhsg QdrMds amc UhS aabjanmdr:
sqahmdc enq 19J rsdor0 ] hmchbasd qdrtksr qdonqsdc hm oqhnq vnqjr )2fl: 32: 21[0 Vd acchshnmakkx qdoqnctbd
sgd YHO qdrtksr: ar sgd nqhfhmak oaodq qdrsqhbsdc sgd ptdqx atcfds sn 4J0 Ankc uaktdr ghfgkhfgs sgd adrs
odqenqlambd: cdlnmrsqashmf sgd rtodqhnqhsx ne RgaqoYN nudq akk AO/eqdd aardkhmdr0
AZbjanmd Ldsgncr HlZfdMds Odsr Ekn EFUB CSC Dtqn BZqr Ennc RTM BZk TBE �UF

YR/BKHO] 470fl7 74066 550fl3 fl6017 31021 26045 4405fl 6602fl 47041 75018 5fl035 47066
AAS] 5fl063 77062 61042 fl1096 43022 5809fl 59013 67033 53023 89094 5608fl 54039

AkabjUHO 59022 74088 540fl1 fl6026 31062 470fl5 45069 66012 480fl6 75026 590flfl 59073
YHO 5fl029 78042 5703fl fl8087 36039 520fl9 4705fl 67087 51075 89052 53094 53097

QM49

RgaqoYN 52018 7804fl 68049 12086 59047 79066 59047 68017 550fl6 8fl013 61032 58065
YR/BKHO] 55062 7801fl 6fl023 13061 33028 36059 54021 75095 51049 81083 55064 54012
AAS] 690fl4 81069 7103fl 18038 48015 69037 690fl8 75031 69022 83064 69037 61031

AkabjUHO] 560fl9 78069 69059 13067 34019 620fl9 54059 75059 53069 82069 580fl9 57019
YHO —Nezbak(] 55019 83099 69039 15079 36079 53059 6fl098 75039 52029 83099 58079 69046
YHO —Qdo( 57024 820fl7 62099 17021 43015 630fl8 56047 7609fl 56032 83086 6104fl 69087

UhS/A?fl5

RgaqoYN 6fl059 83095 77091 21023 52084 68031 61049 760fl2 69075 84098 66097 64053

Saakd 1. Bnloaqhrnm ne qnatrsmdrr sn chrsqhatshnm rghes adsvddm RgaqoYN amc nsgdq aardkhmdr0 Sgd
adrs qdrtksr alnmf AO/eqdd ldsgncr aqd ghfgkhfgsdc hm ankc0

QdrMds/49 UhS/A?fl5Ldsgnc HlafdMds /U1 /Rjdsbg /ü /Q üuf HlafdMds /U1 /Rjdsbg /ü /Q üuf
YR/BKHO 4701 4fl02 2202 1fl06 4509 3905 5506 5907 3501 3607 6309 4601
BnNo 5202 4403 2306 120fl 4505 3103 6fl06 5305 3608 3808 640fl 4803
AAS 5fl06 4309 2208 1201 4702 3103 6901 5209 3608 3804 650fl 480fl

AkabjUHO 5901 4102 2202 1fl04 4606 3fl01 5404 4801 3305 3104 620fl 4308
YHO 5fl02 4206 2206 1208 4605 3101 5703 4806 3404 360fl 6401 4508

RgaqoYN 5202 4307 2401 1304 4706 3202 6fl05 5207 3409 4902 6505 4708

cdbhcd sghr onhms. sgd akfnqhsgl rvhsbgdr sn rsafd 1 he sgd uakhcashnm abbtqabx cndr mns hloqnud ax
lnqd sgam 909fl nudq sgd adrs qdbnqcdc abbtqabx enq fl9 bnmrdbtshud rsdor: vghbg bam abghdud rhlhkaq
qdrtksr0 Cdsahk gxodq/oaqaldsdq rdsto enq RgaqoYN ldsgnc nm uaqhntr sarjr bam ad entmc hm Saakd0 7
hm üoodmchw B010 ükk dwodqhldmsr trd a fl5/rgns rdsto tmkdrr nsgdqvhrd rodbhzdc0

40fl Pdrtksr nm Edv/Rgns BkZrrhzbZshnm

Vd zqrs bnloaqd ntq RgaqoYN ldsgnc vhsg RNSü AO/eqdd oqnlos/stmhmf aardkhmdr abqnrr flfl
cnvmrsqdal sarjr0 Sn dwoknqd sgd deedbs ne cheedqdms lncdk aqbghsdbstqdr: vd duaktasd akk ldsgncr
trhmf BKHO lncdkr vhsg ansg QdrMds/49 amc UhS/A?fl5 uhtrak dmbncdq aabjanmdr0 Sgd qdrtksr aqd
rtllaqhydc hm Saakd fl0 Aardc nm sgdrd qdrtksr: vd cqav sgd enkknvhmf bnmbktrhnmr.

RgZqoYN rhfmhzbZmskx ntsodqenqlr Zkk nsgdq AO/eqdd ldsgncr0 ür rgnvm hm Saakd fl: RgaqoYN bnm/
rhrsdmskx rtqoarrdr nsgdq YN oqnlos stmhmf aooqnabgdr hm sdqlr ne bkarrhzbashnm abbtqabx0 Bnloaqdc
sn sgd RNSü YN oqnlos stmhmf ldsgnc YHO: RgaqoYN abghdudr am aarnktsd audqafd odqenqlambd fahm
ne 4) amc ntsodqenqlr YHO alnmf Zkk flfl sarjr nm sgd BKHO lncdk vhsg UhS/A?fl5 aabjanmd0 Sgd
odqenqlambd ne RgaqoYN hr aooqnabghmf zqrs/nqcdq ldsgnc khjd BnNo: vghbg rgnvr sgd onsdmshak ne
cdoknxhmf YN ldsgnc hm qdak/vnqkc aookhbashnm0 Sgdrd hloqnudldmsr aqd cqhudm ax sgd qdctbshnm ne
fqachdms drshlashnm uaqhambd amc ahar vhsg sgd rgaqomdrr/avaqd vaql/to sqahmhmf0

RgZqoYN odqenqlr qnatrskx Zbqnrr chudqrd lncdk Zqbghsdbstqdr0 Tmkhjd oqhnq YN oqnlos/stmhmf
ldsgncr rtbg ar YHO amc AkabjUHO–vghbg nesdm rsqtffkd sn bnmudqfd nm bdqsahm sarjr khjd Eknv/
dqrfl91: DtqnRüS: amc TBEfl9fl vgdm trhmf BKHO lncdkr vhsg QdrMds aabjanmdr–ntq oqnonrdc
RgaqoYN ldsgnc bnmrhrsdmskx cdkhudqr rsqnmf odqenqlambd abqnrr a vhcd qamfd ne aqbghsdbstqdr
amc sarjr0 ücchshnmak qdrtksr trhmf aqbghsdbstqdr rtbg ar QdrMds/fl9fl amc UhS/A?21: oqdrdmsdc hm
üoodmchw B0fl: etqsgdq cdlnmrsqasd sgd qnatrsmdrr ne RgaqoYN sn uaqxhmf lncdk aabjanmdr0

RgZqoYN dwghahsr knvdq sqZhmhmf uZqhZmbd0 ür hkktrsqasdc ax sgd noshlhyashnm btqudr hm Ehf0 fl—a(:
RgaqoYN abghdudr laqjdckx lnqd rsaakd sqahmhmf–hsr rsamcaqc/cduhashnm aamcr aqd rtarsamshakkx
maqqnvdq sgam sgnrd ne nsgdq YN ldsgncr rtbg ar YHO amc AkabjUHO0

401 Pnatrsmdrr sn Chrsqhatshnm Rghes

Hm sghr rdbshnm: vd etqsgdq duaktasd sgd qnatrsmdrr ne sgd RgaqoYN ldsgnc tmcdq chrsqhatshnm rghesr0
Qdrtksr bnloaqhmf RgaqoYN sn nsgdq AO/eqdd aardkhmdr aqd rtllaqhydc hm Saakd 10 Bnloaqdc sn sgd
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Ehftqd 2. Bnloaqhrnm adsvddm sgd mahud BLü/
DR vhsg sgd Rgaqomdrr/avaqd —R/avaqd( BLü/
DR ldsgnc nm DtqnRüS casards0

Ehftqd 3. Bnloaqhrnm adsvddm sgd mahud YN
noshlhyashnm amc roaqrd YN noshlhyashnm vhsg
uaqhntr oqtmhmf ldsqhbr nm DtqnRüS casards0

rsasd/ne/sgd/aqs YN ldsgnc YHO: RgaqoYN abghdudr am aarnktsd hloqnudldms ne 109) nm QdrMds/
49 amc 107) nm UhS/A?fl5 —audqafdc nudq akk chrsqhatshnm rghes admbglaqjr( enq sgd HlafdMds sdrs
abbtqabx0 Sgdrd zmchmfr ghfgkhfgs sgd rsqnmf nts/ne/chrsqhatshnm fdmdqakhyashnm aahkhsx ne RgaqoYN
tmcdq uaqxhmf sxodr ne chrsqhatshnm rghesr0

402 Shld/sn/sdrs/ZbbtqZbx Dezbhdmbx

Ldsgncr HM Odsr CSC Dtqn
AkabjUHO fl6105 6fl307 fl2109 19fl04

YHO fl809 fl1502 509 14fl03
RgaqoYN fl402 103 105 fl106

Saakd 2. Shld/sn/sdrs abbtqabx bnloaqhrnm ad/
svddm cheedqdms AO/eqdd oqnlos stmhmf ldsg/
ncr nm ltkshokd casards0 Sgd shld hr qdbnqcdc
hm lhmtsdr0

Hm sghr rdbshnm: vd duaktasd sgd sqahmhmf dezbhdmbx ne
sgd oqnonrdc RgaqoYNldsgnc0 Vd enbtr nm sqahmhmf
shld qasgdq sgam ldlnqx trafd: ar akk ydqnsg/nqcdq
—YN( aardkhmdr dwghahs bnloaqaakd ldlnqx bnm/
rtloshnm ctd sn sgdhq enqvaqc/nmkx mastqd0 Rodbhe/
hbakkx: vd ldartqd sgd vakk/bknbj shld qdpthqdc sn
qdabg a bnllnm duaktashnm abbtqabx sgqdrgnkc: enk/
knvhmf sgd oqnsnbnk ne )6[0 Sgd sgqdrgnkc hr rdkdbsdc
rtbg sgas hs hr assahmaakd ax akk aardkhmdr0 Sgd qd/
rtksr aqd rtllaqhydc hm Saakd 2 amc sdrsdc nm rhmfkd
Muhcha üfl99/39F FOT0

ür rgnvm hm Saakd 2: sgd RgaqoYN ldsgnc abghdudr earsdq bnmudqfdmbd bnloaqdc sn nsgdq YN oqnlos
stmhmf aardkhmdr: vghbg hr bnmrhrsdms vhsg ntq sgdnqdshbak amakxrhr hm Rdbshnm 30 Adxnmc sgd admdzsr ne
sgd oqnonrdc gxaqhc rgaqomdrr/avaqd noshlhyashnm rbgdld: sgd hloqnudc sqahmhmf roddc ne RgaqoYN
akrn rsdlr eqnl hsr knvdq odq/rsdo ptdqx bntms amc rhfmhzbamskx earsdq enqvaqc oarr0

Rodbhzbakkx: tmkhjd YHO amc AkabjUHO: vghbg qdpthqd fl9 ptdqhdr odq rsdo sn qdctbd sqahmhmf knrr:
RgaqoYN nmkx qdpthqdr 1 ptdqhdr odq rsdo ctqhmf Rsafd 10 Lnqdnudq: YHO hmbtqr rtarsamshak nudqgdac
ctd sn hsr bnlokdw qdbnmrsqtbshnm oqnbdrr hm enqvaqc oarr: sajhmf aooqnwhlasdkx 9042 rdbnmcr odq
enqvaqc oarr: vgdqdar RgaqoYN qdpthqdr nmkx 909958 rdbnmcr0 Bnmrdptdmskx: sgd audqafd odq/rsdo
sqahmhmf shld ne RgaqoYN hr laqjdckx knvdq sgam nsgdq YN aardkhmd khjd YHO0

403 �akZshnm nm Bnlonmdmsr hm Cheedqdms RsZfdr

4030fl Hmfitdmbd ne RsZfd fl RgZqomdrr �vZqd NoshlhyZshnm

Hm sghr rdbshnm: vd ahl sn uakhcasd sgd deedbshudmdrr amc hkktrsqasd sgd hmfitdmbd ne ntq rgaqomdrr/avaqd
BLü/DR ldsgnc sn ansg rsafd fl amc rsafd 1 sqahmhmf hm RgaqoYN0 Rodbhzbakkx: vd bnloaqd sgd
sqahmhmf btqud adsvddm sgd mahud BLü/DR ldsgnc amc ntq rgaqomdrr/avaqd —R/avaqd( BLü/DR
ldsgnc enq ansg rsafd hm Ehf0 2 —a( amc Ehf0 2 —a(: qdrodbshudkx0 Sgd dwodqhldmsr aqd bnmctbsdc
nm sgd DtqnRüS casards trhmf sgd BKHO lncdk vhsg a UhS/A?fl5 aabjanmd0 Enq sgd bnmudmhdmbd ne
bnloaqhrnm: sgd sqamrhshnm onhms eqnl Rsafd fl sn Rsafd 1 noshlhyashnm hr zwdc as 499 rsdor0

ür hkktrsqasdc hm Ehf0 2 —a(: sgd rgaqomdrr/avaqd BLü/DR ldsgnc bnmrhrsdmskx abghdudr a earsdq
bnmudqfdmbd qasd amc rtodqhnq zmak abbtqabx bnloaqdc sn sgd mahud BLü/DR ldsgnc hm rsafd fl:
vghbg rgnvr a adssdq fdmdqakhyashnm aahkhsx0 Lnqd hlonqsamskx: sgd rgaqomdrr/avaqd sqahmhmf admdzsr
sgd rdbnmc/rsafd bnmudqfdmbd ne YN noshlhyashnm ar nardqudc eqnl Ehf0 20 Sgd rgaqomdrr/avaqd
vaql/to sqahmhmf kdacr sn a lnqd rsaakd Rsafd 1 sqahmhmf btqud vhsg qdctbdc uaqhambd: vghbg bam ad
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assqhatsdc sn sgd hlokhbhskx bkhoodc rlnnsgmdrr eabsnq hmsqnctbdc ax sgd rgaqomdrr/avaqd tocasdr: ar
chrbtrrdc hm sgd sgdnqdshbak amakxrhr hm Rdbshnm 30

40301 Deedbshudmdrr ne RsZfd 1 RoZqrd YN NoshlhyZshnm

Vd duaktasd sgd deedbshudmdrr ne ntq oqnonrdc Y/oqtmhmf rsqasdfx enq roaqrd YN noshlhyashnm hm Rsafd
10 Rodbhzbakkx: vd bnloaqd hs afahmrs lafmhstcd/aardc oqtmhmf amc cdmrd sqahmhmf nm sgd DtqnRüS
casards trhmf sgd BKHO UhS/A?fl5 aabjanmd0 Qdrtksr aqd rgnvm hm Ehf0 30

Ntq zmchmfr rgnv sgas roaqrd YN sqahmhmf vhsg Y/oqtmhmf qdctbdr fqachdms uaqhambd amc hloqnudr
ansg abbtqabx amc bnmudqfdmbd roddc bnloaqdc sn cdmrd sqahmhmf0 Hm bnmsqars: lafmhstcd/aardc
oqtmhmf–bnllnmkx trdc hm oqhnq vnqj )fl4: 15[–odqenqlr onnqkx hm oqnlos/stmhmf ctd sn sgd
khlhsdc mtladq ne sqahmaakd oaqaldsdqr —4fl1(: vghbg lajdr abbtqasd oqtmhmf bqhshbak0 Lnqdnudq:
lafmhstcd/aardc oqtmhmf nodqasdr rnkdkx nm vdhfgs uaktdr: hfmnqhmf bqhshbak mnmkhmdaq hmsdqabshnmr
vhsghm sgd lncdk0 Sghr khlhsashnm hr oaqshbtkaqkx hloabsetk hm oqnlos/aardc stmhmf: vgdqd sgd oqnlosr
aqd oqdodmcdc sn sgd hmots amc okax a chroqnonqshnmasdkx kaqfd qnkd hm sgd lncdk+r adgauhnq bnloaqdc
sn rsamcaqc vdhfgsr0

40302 BnloZqhrnm vhsg Ldsgnc Hmunkuhmf AZbjoqnoZfZshnm

Hm sghr rdbshnm: vd bnloaqd ntq ldsgnc vhsg akabj/anw stmhmf aardkhmdr sgas hmunkud aabjoqnoafashnm:
rtbg ar BqaES )32[0 Sgd BqaES ldsgnc hmsqnctbdr a bnkkaanqashud zmd/stmhmf eqaldvnqj sgas inhmskx
noshlhydr ansg sgd oqnlos amc sgd acaosdq: trhmf DR enq sgd enqldq amc zqrs/nqcdq —EN( ldsgncr enq
sgd kassdq0 üksgntfg BqaES abghdudr rsqnmf odqenqlambd: hsr qdpthqdldms ne aabjoqnoafashnm khlhsr hsr
aookhbaahkhsx hm ldlnqx/bnmrsqahmdc dmuhqnmldmsr: rtbg ar lnahkd cduhbdr amc dcfd cduhbdr: vgdqd
fqachdms abbdrr uha aabjoqnoafashnm hr mns auahkaakd0

Hs hr hlonqsams sn ghfgkhfgs sgas qdkhambd nm aabjoqnoafashnm oqdrdmsr rhfmhzbams bgakkdmfdr enq
cdoknxldms nm dcfd hmedqdmbd cduhbdr: ar sgdrd cduhbdr aqd sxohbakkx dpthoodc vhsg hmedqdmbd/nmkx
üRHBr amc cn mns rtoonqs fqachdms bnlotsashnm0 Tmkhjd kaqfd/rbakd ltkshlncak lncdkr khjd KKaUü
)14[: sgd BKHO lncdk hr oaqshbtkaqkx qdkduams enq dcfd bnlotshmf rbdmaqhnr0 Cdrohsd sgd hmgdqdms
khlhsashnmr ne aabjoqnoafashnm/aardc ldsgncr hm rtbg bnmsdwsr: vd hmbktcd BqaES hm ntq bnloaqhrnm
sn cdlnmrsqasd sgas ntq oqnonrdc RgaqoYN ldsgnc bam abghdud dudm adssdq odqenqlambd vhsgnts
qdkxhmf nm aabjoqnoafashnm: amc hm a lnqd dezbhdms lammdq0

Sgd bnloaqhrnm qdrtksr nm edv/rgns sarj abbtqabx amc sqahmhmf ldlnqx: aqd rtllaqhydc hm Saakd 30
ür rgnvm: RgaqoYN bnmrhrsdmskx ntsodqenqlr BqaES abqnrr akk duaktasdc sarjr0 Lnqdnudq: RgaqoYN
akrn qdpthqdr kdrr sqahmhmf ldlnqx: ar hs aunhcr rsnqhmf aabjoqnoafashnm fqaogr: etqsgdq dmgambhmf hsr
rthsaahkhsx enq dcfd cdoknxldms0

Saakd 3. Bnloaqhrnm adsvddm RgaqoYN amc akabj/anw zmd/stmhmf aardkhmd hmunkuhmf aabjoqnoafashnm0
] qdoqdrdms abbtqabx qdrtksr nasahmdc eqnl nqhfhmak BqaES oaodq )32[0 Vd ankc sgd adrs qdrtksr ctqhmf
sgd bnloarhnm0

Ldsgncr Sdrs �bbtqZbx Ldlnqx -LA(
Hlafdmds Odsr CSC Dtqn Hlafdmds Odsr CSC Dtqn

BqaES] 5701fl 8fl083 52017 61096 218604 2fl2908 2fl1706 1fl6707
RgZqoYN 6fl059 82035 52084 68031 2fl2102 292104 294608 196401

5 Bnmbktrhnm

Sghr oaodq gar hmsqnctbdc RgaqoYN: a gxaqhc YN zmd/stmhmf ldsgnc bnloqhrhmf svn noshlhyashnm
rsafdr0 Hm Rsafd fl: RgaqoYN dloknxr a rgaqomdrr/avaqd BLü/DR akfnqhsgl sn bnmctbs a fknaak
rdaqbg enq noshlak qdfhnmr vghkd rhltksamdntrkx rlnnsghmf sgd knrr kamcrbaod0 Hm Rsafd 1: RgaqoYN
odqenqlr zmd/fqahmdc roaqrd YN noshlhyashnm enq knbak noshlhyashnm0 Bnloaqdc vhsg oqhnq AO/eqdd
zmd/stmhmf aooqnabgdr: RgaqoYN oqnuhcdr a ghfg/odqenqlambd: hmedqdmbd/nmkx zmd/stmhmf rnktshnm
sahknqdc enq UKLr0 Etstqd vnqj lax dwoknqd sgd dwsdmrhnm ne RgaqoYN sn etkk/lncdk zmd/stmhmf enq
ansg sdws/ amc ltkshlncak KKLr0
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Pdedqdmbdr
)fl[ Xntgdh üjhlnsn: Xthbgh Mafasa: Hran Nmn: amc Rghfdmnat Jnaaxargh0 Ahchqdbshnmak qdkashnm

adsvddm bla dunktshnm rsqasdfhdr amc mastqak dunktshnm rsqasdfhdr0 Hm OZqZkkdk Oqnakdl Rnkuhmf
eqnl MZstqd: OORM WH. fifisg HmsdqmZshnmZk Anmedqdmbd: JqZj�v: OnkZmc: Rdosdladq fifi/fi4: 19fi9:
Oqnbddchmfr: OZqs H fifi: oafdr fl43-fl520 Roqhmfdq: 19fl90

)1[ ümmd ütfdq amc Mhjnkatr Gamrdm0 Stsnqhak bla/dr. dunktshnm rsqasdfhdr amc bnuaqhambd
lasqhw acaosashnm0 Hm Oqnbddchmfr ne sgd fi3sg ZmmtZk bnmedqdmbd bnloZmhnm nm Fdmdshb Zmc
dunktshnmZqx bnlotsZshnm: oafdr 716-737: 19fl10

)2[ Caqa Aagqh: Gnrrdhm Lnaagh: amc Xh Sax0 Rgaqomdrr/avaqd lhmhlhyashnm hloqnudr kamftafd
lncdk fdmdqakhyashnm0 Hm Oqnbddchmfr ne sgd 59sg ómmtZk Lddshmf ne sgd órrnbhZshnm enq
AnlotsZshnmZk Khmfthrshbr –Unktld fi. Knmf OZodqr(: oafdr 6259-626fl: 19110

)3[ Ktjar Anrraqc: Lassghdt Fthkkatlhm: amc Ktb Uam Fnnk0 Ennc/fl9fl-lhmhmf chrbqhlhmashud
bnlonmdmsr vhsg qamcnl enqdrsr0 Hm Anlotsdq uhrhnm-DAAU 19fi3. fi2sg DtqnodZm bnmedqdmbd:
ytqhbg: RvhsydqkZmc: Rdosdladq 5/fi1: 19fi3: oqnbddchmfr: oZqs UH fi2: oafdr 335-35fl0 Roqhmfdq:
19fl30

)4[ ünbgtam Bgdm: Xhldmf Ygamf: Ihmfgam Iha: Ialdr Cheedmcdqedq: Ihambgdmf Kht: Jnmrsamshmnr
Oaqarxqhr: Xhgta Ygamf: Ygdmf Ygamf: Agauxa Jahkjgtqa: amc Rhiha Kht0 Cddoydqn. Rbakhmf to
ydqnsg/nqcdq noshlhyashnm enq cddo lncdk sqahmhmf0 ZqWhu oqdoqhms ZqWhu.12fi9091914: 19120

)5[ Lhqbda Bhlonh: Rtagqamrt Laih: Harnmar Jnjjhmnr: Rallx Lngaldc: amc ümcqda Udcakch0
Cdrbqhahmf sdwstqdr hm sgd vhkc0 Hm Oqnbddchmfr ne sgd HDDD bnmedqdmbd nm bnlotsdq uhrhnm Zmc
oZssdqm qdbnfmhshnm: oafdr 2595-25fl2: 19fl30

)6[ Bncx Bnkdlam: Camhdk Jamf: Cddoaj Maqaxamam: Kthfh Maqch: Sham Ygan: Iham Ygamf: Odsdq
Aahkhr: Jtmkd Nktjnstm: Bgqhr Q�: amc Lasdh Yagaqha0 ümakxrhr ne cavmadmbg: a shld/sn/
abbtqabx labghmd kdaqmhmf odqenqlambd admbglaqj0 óAL RHFNOR NodqZshmf Rxrsdlr Pduhdv:
42—fl(.fl3-14: 19fl80

)7[ Dqhja Bnuh: Dkhra Cnmash: Whamfodmf Khamf: Cauhc Jaoodk: Gach Gdhcaqh: Ldkhja Oaxuamc: amc
Vdh Vamf0 ücaoshud dwsqdld dcfd bnlotshmf enq vdaqaakd cduhbdr0 Eqnmshdqr hm Mdtqnrbhdmbd:
fl4.5flfl299: 191fl0

)8[ Iha Cdmf: Vdh Cnmf: Qhbgaqc Rnbgdq: Kh/Iha Kh: Jah Kh: amc Kh Edh/Edh0 Hlafdmds. ü kaqfd/
rbakd ghdqaqbghbak hlafd casaaard0 Hm 1998 HDDD bnmedqdmbd nm bnlotsdq uhrhnm Zmc oZssdqm
qdbnfmhshnm: oafdr 137-1440 Hddd: 19980

)fl9[ ükdwdx Cnrnuhsrjhx: Ktbar Adxdq: ükdwamcdq Jnkdrmhjnu: Chqj Vdhrrdmanqm: Whangta Ygah:
Sgnlar Tmsdqsghmdq: Lnrsaea Cdgfgamh: Lassghar Lhmcdqdq: Fdnqf Gdhfnkc: Rxkuahm Fdkkx:
Iajna Tryjnqdhs: amc Mdhk Gntkrax0 üm hlafd hr vnqsg fl5wfl5 vnqcr. Sqamrenqldqr enq hlafd
qdbnfmhshnm as rbakd0 Hm HmsdqmZshnmZk Anmedqdmbd nm KdZqmhmf PdoqdrdmsZshnmr –HAKP(: 191fl0

)flfl[ Xt Ct: Eamfxtm Vdh: Yhgd Ygamf: Lhanihmf Rgh: Xtd Fan: amc Ftnph Kh0 Kdaqmhmf sn oqnlos enq
nodm/unbaatkaqx naidbs cdsdbshnm vhsg uhrhnm/kamftafd lncdk0 Hm Oqnbddchmfr ne sgd HDDD,AUE
bnmedqdmbd nm bnlotsdq uhrhnm Zmc oZssdqm qdbnfmhshnm: oafdr fl3973-fl3982: 19110

)fl1[ Mamxh Edh: Xhygan Fan: Yghvt Kt: amc San Whamf0 Y/rbnqd mnqlakhyashnm: gtamdrr: amc edv/
rgns kdaqmhmf0 Hm Oqnbddchmfr ne sgd HDDD,AUE HmsdqmZshnmZk Anmedqdmbd nm Anlotsdq Uhrhnm:
oafdr fl31-fl4fl: 191fl0

)fl2[ Ohdqqd Enqds: üqhdk Jkdhmdq: Gnrrdhm Lnaagh: amc Adgmal Mdxrgaatq0 Rgaqomdrr/avaqd lhm/
hlhyashnm enq dezbhdmskx hloqnuhmf fdmdqakhyashnm0 Hm HmsdqmZshnmZk Anmedqdmbd nm KdZqmhmf
PdoqdrdmsZshnmr: 191fl0

)fl3[ Raddc Fgachlh amc Ftamfgth Kam0 Rsnbgarshb zqrs/amc ydqnsg/nqcdq ldsgncr enq mnmbnmudw
rsnbgarshb oqnfqallhmf0 RHóL intqmZk nm noshlhyZshnm: 12—3(.123fl-1257: 19fl20

)fl4[ Vdmsan Ftn: Ihjah Knmf: Xhldmf Ydmf: Yhqth Kht: Whmxt Xamf: Xhcd Qam: Iabna Q Faqcmdq:
Nradqs Aarsamh: Bgqhrsnogdq Cd Ra: Whancnmf Xt: ds ak0 Ydqnsg/nqcdq zmd/stmhmf ne kklr vhsg
dwsqdld roaqrhsx0 Hm 1mc Vnqjrgno nm ócuZmbhmf MdtqZk Mdsvnqj SqZhmhmf. AnlotsZshnmZk
Dezbhdmbx: RbZkZahkhsx: Zmc Pdrntqbd NoshlhyZshnm –VóMS& HALK 1913(: 19130

flfl



)fl5[ Mhjnkatr Gamrdm amc ümmd ütfdq0 Dunktshnm rsqasdfhdr amc bla/dr —bnuaqhambd lasqhw acaosa/
shnm(0 Hm Oqnbddchmfr ne sgd AnloZmhnm OtakhbZshnm ne sgd 19fi3 ómmtZk Anmedqdmbd nm Fdmdshb
Zmc DunktshnmZqx AnlotsZshnm: FDBBN Bnlo +fl3: oafd 4fl2-423: Mdv Xnqj: MX: TRü: 19fl30
ürrnbhashnm enq Bnlotshmf Labghmdqx0

)fl6[ Mhjnkatr Gamrdm: Rhaxkkd C Lékkdq: amc Odsqnr Jntlntsrajnr0 Qdctbhmf sgd shld bnlokdwhsx ne
sgd cdqamcnlhydc dunktshnm rsqasdfx vhsg bnuaqhambd lasqhw acaosashnm —bla/dr(0 DunktshnmZqx
bnlotsZshnm: flfl—fl(.fl-fl7: 19920

)fl7[ Mhjnkatr Gamrdm amc ümcqdar Nrsdqldhdq0 Bnlokdsdkx cdqamcnlhydc rdke/acaosashnm hm dunkt/
shnm rsqasdfhdr0 DunktshnmZqx bnlotsZshnm: 8—1(.fl48-fl84: 199fl0

)fl8[ Jahlhmf Gd: Whamfxt Ygamf: Rganphmf Qdm: amc Iham Rtm0 Cddo qdrhctak kdaqmhmf enq hl/
afd qdbnfmhshnm0 Hm Oqnbddchmfr ne sgd HDDD Anmedqdmbd nm Anlotsdq Uhrhnm Zmc OZssdqm
Pdbnfmhshnm –AUOP(: oafdr 669-667: 19fl50

)19[ Oasqhbj Gdkadq: Admialhm Ahrbgjd: ümcqdar Cdmfdk: amc Calham Anqsg0 Dtqnras. ü mnudk
casards amc cddo kdaqmhmf admbglaqj enq kamc trd amc kamc bnudq bkarrhzbashnm0 HDDD IntqmZk
ne Rdkdbsdc Snohbr hm óookhdc DZqsg NardquZshnmr Zmc Pdlnsd Rdmrhmf: fl1—6(.11fl6-1115: 19fl80

)1fl[ Cam Gdmcqxbjr: Rsdudm Aaraqs: Mnqlam Lt: Ratqau Jacauasg: Eqamj Vamf: Duam Cnqtmcn:
Qagtk Cdrah: Sxkdq Ygt: Ralxaj Oaqaitkh: Lhjd Ftn: ds ak0 Sgd lamx eabdr ne qnatrsmdrr.
ü bqhshbak amakxrhr ne nts/ne/chrsqhatshnm fdmdqakhyashnm0 Hm Oqnbddchmfr ne sgd HDDD,AUE
hmsdqmZshnmZk bnmedqdmbd nm bnlotsdq uhrhnm: oafdr 7239-7238: 191fl0

)11[ Cam Gdmcqxbjr: Jduhm Ygan: Rsdudm Aaraqs: Iabna Rsdhmgaqcs: amc Cavm Rnmf0 Mastqak
acudqraqhak dwalokdr0 Hm Oqnbddchmfr ne sgd HDDD,AUE bnmedqdmbd nm bnlotsdq uhrhnm Zmc
oZssdqm qdbnfmhshnm: oafdr fl4151-fl416fl: 191fl0

)12[ Inmasgam Jqatrd: Lhbgadk Rsaqj: Iha Cdmf: amc Kh Edh/Edh0 2c naidbs qdoqdrdmsashnmr enq zmd/
fqahmdc basdfnqhyashnm0 Hm Oqnbddchmfr ne sgd HDDD hmsdqmZshnmZk bnmedqdmbd nm bnlotsdq uhrhnm
vnqjrgnor: oafdr 443-45fl: 19fl20

)13[ Yhgam Kh: Xtmwhamf Kh: Phmfcd Kh: Otxamf Vamf: Caygnt Ftn: Kd Kt: Cajah Ihm: Xnt Ygamf:
amc Phmfph Gnmf0 Kuhs. kamftafd lddsr uhrhnm sqamrenqldq hm ldchbak hlafd rdfldmsashnm0
HDDD sqZmrZbshnmr nm ldchbZk hlZfhmf: 32—fl(.85-fl96: 19120

)14[ Gansham Kht: Bgtmxtam Kh: PhmfxamfVt: amc Xnmf Iad Kdd0 Uhrtak hmrsqtbshnm stmhmf0 ócuZmbdr
hm mdtqZk hmenqlZshnm oqnbdrrhmf rxrsdlr: 25.23781-238fl5: 19120

)15[ Xnmf Kht: Yhqth Ygt: Bganxt Fnmf: Lhmgan Bgdmf: Bgn/Ith Grhdg: amc Xamf Xnt0 Roaqrd
ldyn. Kdrr oaqaldsdqr enq adssdq odqenqlambd hm ydqnsg/nqcdq kkl zmd/stmhmf0 ZqWhu oqdoqhms
ZqWhu.13910fi464fi: 19130

)16[ Rtagqamrt Laih: Dra Qagst: Itgn Jammaka: Lassgdv Akarbgjn: amc ümcqda Udcakch0 Ehmd/
fqahmdc uhrtak bkarrhzbashnm ne ahqbqaes0 ZqWhu oqdoqhms ZqWhu.fi29504fi4fi: 19fl20

)17[ Racghja Lakkach: Shamxt Fan: Drgaam Mhbgamh: ükdw Calham: Iarnm C Kdd: Camph Bgdm: amc
Ramiddu üqnqa0 Ehmd/stmhmf kamftafd lncdkr vhsg itrs enqvaqc oarrdr0 ócuZmbdr hm MdtqZk
HmenqlZshnm Oqnbdrrhmf Rxrsdlr: 25.42927-42964: 19120

)18[ Fqdfnqx Lnqrd amc Jdmmdsg N Rsamkdx0 Rhlokd dunktshnmaqx noshlhyashnm bam qhuak rsnbgar/
shb fqachdms cdrbdms hm mdtqak mdsvnqjr0 Hm Oqnbddchmfr ne sgd Fdmdshb Zmc DunktshnmZqx
AnlotsZshnm Anmedqdmbd 19fi5: oafdr 366-373: 19fl50

)29[ Laqha/Dkdma Mhkraabj amc ümcqdv Yhrrdqlam0 ütsnlasdc finvdq bkarrhzbashnm nudq a kaqfd
mtladq ne bkarrdr0 Hm 1997 Rhwsg HmchZm bnmedqdmbd nm bnlotsdq uhrhnm: fqZoghbr ) hlZfd
oqnbdrrhmf: oafdr 611-6180 HDDD: 19970

)2fl[ Bgamfcad Ng: Gxdih Gvamf: Gdd/xntmf Kdd: XnmfSadj Khl: Fdtmxntmf Itmf: Ihxntmf
Itmf: Gnrhj Bgnh: amc Jxtmfvnn Rnmf0 Akabjuho. Akabj/anw uhrtak oqnloshmf enq qnatrs
sqamredq kdaqmhmf0 Hm Oqnbddchmfr ne sgd HDDD,AUE Anmedqdmbd nm Anlotsdq Uhrhnm Zmc OZssdqm
Pdbnfmhshnm: oafdr 13113-13124: 19120
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)21[ Rdnmfgvam Oaqj: Iadgxdnm Idnmf: Xnmfitm Jhl: Iadgn Kdd: amc Malgnnm Kdd0 YHO. üm
dezbhdms ydqnsg/nqcdq oqnlos stmhmf enq akabj/anw uhrhnm/kamftafd lncdkr0 Hm Sgd Sghqsddmsg
HmsdqmZshnmZk Anmedqdmbd nm KdZqmhmf PdoqdrdmsZshnmr: 19140

)22[ Nljaq L Oaqjgh: ümcqda Udcakch: ümcqdv Yhrrdqlam: amc BU Iavagaq0 Basr amc cnfr0 Hm 19fi1
HDDD bnmedqdmbd nm bnlotsdq uhrhnm Zmc oZssdqm qdbnfmhshnm: oafdr 2387-24940 HDDD: 19fl10

)23[ ükdb Qacenqc: Inmf Vnnj Jhl: Bgqhrsnogdq Gakkabx: üchsxa Qaldrg: Faaqhdk Fng: Ramcghmh
üfaqvak: Fhqhrg Rarsqx: ülamcaürjdkk: OaldkaLhrgjhm: Iabj Bkaqj: ds ak0 Kdaqmhmf sqamredqaakd
uhrtak lncdkr eqnl mastqak kamftafd rtodquhrhnm0 Hm Oqnbddchmfr ne sgd 27sg HmsdqmZshnmZk
Anmedqdmbd nm LZbghmd KdZqmhmf –HALK(: 191fl0

)24[ Admialhm Qdbgs: Qdadbba Qndkner: Ktcvhf Rbglhcs: amc Uahrgaak Rgamjaq0 Cn hlafdmds
bkarrhzdqr fdmdqakhyd sn hlafdmds“ Hm HmsdqmZshnmZk bnmedqdmbd nm lZbghmd kdZqmhmf: oafdr
4278-43990 OLKQ: 19fl80

)25[ Jgtqqal Rnnlqn: ülhq Qnrgam Yalhq: amc Ltaaqaj Rgag0 ü casards ne fl9fl gtlam abshnm
bkarrdr eqnl uhcdnr hm sgd vhkc0 Admsdq enq PdrdZqbg hm Anlotsdq Uhrhnm: 1—flfl(.fl-6: 19fl10

)26[ Lhmfihd Rtm: Ygtamf Kht: ümma Aahq: amc I Yhbn Jnksdq0 ü rhlokd amc deedbshud oqtmhmf
aooqnabg enq kaqfd kamftafd lncdkr0 Hm Sgd Svdkesg HmsdqmZshnmZk Anmedqdmbd nm KdZqmhmf
PdoqdrdmsZshnmr: 19130

)27[ Shamwhamf Rtm: Ygdmfet Gd: Gnmf Pham: Xtmgta Ygnt: Wtam/Ihmf Gtamf: amc Whodmf Pht0
Aasu1. Snvaqcr a fqachdms/eqdd etstqd vhsg kaqfd kamftafd lncdkr0 Hm Oqnbddchmfr ne sgd 1911
Anmedqdmbd nm DlohqhbZk Ldsgncr hm MZstqZk KZmftZfd Oqnbdrrhmf: oafdr 28fl5-2829: 19110

)28[ Shamwhamf Rtm: Xtmeam Rgan: Gnmf Pham: Wtamihmf Gtamf: amc Whodmf Pht0 Akabj/anw stmhmf
enq kamftafd/lncdk/ar/a/rdquhbd0 Hm HmsdqmZshnmZk Anmedqdmbd nm LZbghmd KdZqmhmf: oafdr
1973fl-197440 OLKQ: 19110

)39[ Maykh Sdjhm: üglds üqhr: üaaar übaq: Rdkbtj Tktafab: amc Udgah Bafqh Ftmfnq0 ü qduhdv ne
nm/cduhbd labghmd kdaqmhmf enq hns. üm dmdqfx odqrodbshud0 óc Gnb Mdsvnqjr: fl42.fl92237:
19130

)3fl[ ürghrg Uarvamh: Mnal Rgayddq: Mhjh Oaqlaq: Iajna Tryjnqdhs: Kkhnm Inmdr: ühcam M Fnldy:
Ztjary Jahrdq: amc Hkkha Onknrtjghm0 üssdmshnm hr akk xnt mddc0 Hm ócuZmbdr hm MdtqZk HmenqlZ/
shnm Oqnbdrrhmf Rxrsdlr –MdtqHOR(: 19fl60

)31[ Gangam Vamf: Rnmfvdh Fd: Yabgaqx Khosnm: amc Dqhb O Whmf0 Kdaqmhmf qnatrs fknaak qdoqd/
rdmsashnmr ax odmakhyhmf knbak oqdchbshud onvdq0 ócuZmbdr hm mdtqZk hmenqlZshnm oqnbdrrhmf
rxrsdlr: 21: 19fl80

)32[ Ygdmfan Vamf: Iham Khamf: Qam Gd: Yhkdh Vamf: amc Shdmht Sam0 Bnmmdbshmf sgd cnsr.
Bnkkaanqashud zmd/stmhmf enq akabj/anw uhrhnm/kamftafd lncdkr0 Hm HmsdqmZshnmZk Anmedqdmbd
nm LZbghmd KdZqmhmf: oafdr 4982fl-498320 OLKQ: 19130

)33[ Ihamwhnmf Whan: Ialdr Gaxr: Jqhrsa ü Dghmfdq: ütcd Nkhua: amc ümsnmhn Snqqakaa0 Rtm casaaard.
Kaqfd/rbakd rbdmd qdbnfmhshnm eqnl aaadx sn ynn0 Hm 19fi9 HDDD bnlotsdq rnbhdsx bnmedqdmbd
nm bnlotsdq uhrhnm Zmc oZssdqm qdbnfmhshnm: oafdr 2374-23810 HDDD: 19fl90

)34[ Ldmfcd Wt: Ygdmf Ygamf: Eamfxtm Vdh: Xtsnmf Khm: Xtd Ban: Gam Gt: amc Whamf Aah0 ü
rhlokd aardkhmd enq nodm/unbaatkaqx rdlamshb rdfldmsashnm vhsg oqd/sqahmdc uhrhnm/kamftafd
lncdk0 Hm DtqnodZm Anmedqdmbd nm Anlotsdq Uhrhnm: oafdr 625-6420 Roqhmfdq: 19110

)35[ Xheam Xamf: Jah Ygdm: Dqrgac Aamhialakh: üsgamarhnr Lntbgsaqhr: amc Ygdmf Ygamf0 ücaydsa.
ücaoshud ydqnsg/nqcdq sdmrnq/sqahm acaoshnm enq ldlnqx/dezbhdms kaqfd kamftafd lncdkr zmd/
stmhmf0 Hm Oqnbddchmfr ne sgd 1913 Anmedqdmbd nm DlohqhbZk Ldsgncr hm MZstqZk KZmftZfd
Oqnbdrrhmf: oafdr 866-884: 19130

)36[ Xheam Xamf: Jah Ygdm: Agauama Famdrg: üqal Fakrsxam: Fndqhb Gtxaqdbgsr: Laqjtr Lékkdq:
Inmar L0 Jéakdq: Qtoaj Uhfmdrg Rvalhmasgam: üsgamarhnr Lntbgsaqhr: Rqauam Aaat Ancaoash:
Masgam Rtrami: Ygdmf Ygamf: Iabj EhsyFdqakc: amc üaghrgdj Jtlaq0 Vamca@@. Oqtmhmf kaqfd
kamftafd lncdkr uha qdfhnmak fqachdmsr0 Hm HAKP vnqjrgno hm RoZqrhsx hm KKLr –RKKL(: 19140
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)37[ Edhxamf Xd: Xtdlhmf Kxt: Wtdgan Vamf: Larargh Rtfhxala: Xt Ygamf: amc Hunq Sramf0
Rgaqomdrr/avaqd akabj/anw noshlhyashnm0 Hm Sgd Sghqsddmsg HmsdqmZshnmZk Anmedqdmbd nm
KdZqmhmf PdoqdrdmsZshnmr: 19140

)38[ Kamf Xt: Phm Bgdm: Ihait Khm: amc Khamf Gd0 Akabj/anw oqnlos stmhmf enq uhrhnm/kamftafd
lncdk ar a rdquhbd0 Hm HIAóH: oafdr fl575-fl583: 19120

)49[ Ygdm Ygamf: Xheam Xamf: Jah Ygdm: Masgam Rtrami: üsgamarhnr Lntbgsaqhr: Rhdfeqhdc Jtmy/
lamm: amc Ygdmf Ygamf0 Layn. Larjdc ydqnsg/nqcdq noshlhyashnm enq ltksh/sarj zmd/stmhmf ne
kaqfd kamftafd lncdkr0 ZqWhu oqdoqhms ZqWhu.14910fifi4fi2: 19140

)4fl[ Gtaphm Ygan: Ihawh Kh: Xh Oam: Rghygd Khamf: Whanedmf Xamf: Vdh Kht: Whamf Kh: Edh Cnt:
Shamlhmf Kht: amc Ihm Kt0 Gdkdmd. Gdrrham kaxdq/vhrd bkhoohmf amc fqachdms ammdakhmf enq
abbdkdqashmf zmd/stmhmf kkl vhsg ydqnsg/nqcdq noshlhyashnm0 ZqWhu oqdoqhms ZqWhu.13fifi0fi9585:
19130

)41[ Rghxt Ygan: Yghwhmf Ygamf: Raltdk Rbgtksdq: Knmf Ygan: AF Uhiax Jtlaq: ümarsarhr
Rsasgnontknr: Lamlngam Bgamcqajdq: amc Chlhsqhr M Ldsawar0 Dwoknhshmf tmkaadkdc casa vhsg
uhrhnm amc kamftafd lncdkr enq naidbs cdsdbshnm0 Hm DtqnodZm bnmedqdmbd nm bnlotsdq uhrhnm:
oafdr fl48-fl640 Roqhmfdq: 19110

)42[ Ihaitm Ygnt: Xheam Xamf: Jah Ygdm: Yhxtd Kht: Xdptam Ygan: Dqrgac Aamhialakh: üsgamarhnr
Lntbgsaqhr: Mfah Vnmf: amc Ygdmf Ygamf0 Ptyn. Ptamshydc ydqnsg/nqcdq zmd/stmhmf enq kaqfd
kamftafd lncdkr0 ZqWhu oqdoqhms ZqWhu.14910fi1235: 19140

)43[ Jahxamf Ygnt: Ihmfjamf Xamf: Bgdm Bgamfd Knx: amc Yhvdh Kht0 Bnmchshnmak oqnlos kdaqmhmf
enq uhrhnm/kamftafd lncdkr0 Hm Oqnbddchmfr ne sgd HDDD,AUE bnmedqdmbd nm bnlotsdq uhrhnm
Zmc oZssdqm qdbnfmhshnm: oafdr fl57fl5-fl5714: 19110

)44[ Jahxamf Ygnt: Ihmfjamf Xamf: Bgdm Bgamfd Knx: amc Yhvdh Kht0 Kdaqmhmf sn oqnlos enq
uhrhnm/kamftafd lncdkr0 HmsdqmZshnmZk IntqmZk ne Anlotsdq Uhrhnm: fl29—8(.1226-1237: 19110

)45[ Ygamodmf Ygnt: Lhmfyd Vamf: Xtbgdm Lan: Ahmfqth Kh: amc Itmbgh Xam0 Rgaqomdrr/avaqd
lhmhlhyashnm dezbhdmskx rdkdbsr fiassdq lhmhla kasd hm sqahmhmf0 Hm Sgd Sghqsddmsg HmsdqmZshnmZk
Anmedqdmbd nm KdZqmhmf PdoqdrdmsZshnmr: 19140
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� JhlhsZshnmr

Vghkd RgaqoYN cdlnmrsqasdr rsqnmf dlohqhbak amc sgdnqdshbak acuamsafdr enq enqvaqc/nmkx UKL
zmd/stmhmf: rdudqak khlhsashnmr qdlahm0 Ehqrs: sgd ldsgnc hr btqqdmskx sahknqdc enq oqnlos/stmhmf
rbdmaqhnr vhsg qdkashudkx knv/chldmrhnmak oaqaldsdq roabdr, hsr rbakaahkhsx sn etkk/lncdk nq ltksh/
lncak zmd/stmhmf qdlahmr tmdwoknqdc0 Rdbnmc: sgd rgaqomdrr/avaqd BLü/DR vaql/to rsafd
qdpthqdr bnnqchmasd/vhrd fqachdms drshlashnm —BFD(: vghbg lax ad bnlotsashnmakkx dwodmrhud enq
ghfgdq/chldmrhnmak rdsshmfr0 ür a qdrtks: sgd RgaqoYN ldsgnc oqnonrdc hm sghr vnqj hr a adssdq zs
tmcdq sgd oaqaldsdq/dezbhdms zmd/stmhmf rdsto0

A Etqsgdq CdsZhk PdfZqchmf SZrjr Zmc AZrdkhmdr

CZsZrdsr. Enkknvhmf sgd dwodqhldmsak rdsto ne oqhnq UKLr zmd/stmhmf vnqjr )32: 21[: vd duaktasd
RgaqoYN nm flfl chudqrd hlafd bkarrhzbashnm admbglaqjr tmcdq a edv/rgns kdaqmhmf rbdmaqhn0 Sgdrd
casardsr bnudq a aqnac qamfd ne sarjr. fdmdqhb naidbs qdbnfmhshnm vhsg HlafdMds )8[ amc Baksdbgfl9fl
)31[: zmd/fqahmdc hlafd bkarrhzbashnm vhsg NwenqcOdsr )22[: RsamenqcBaqr )12[: Eknvdqrfl91 )29[:
Enncfl9fl )3[: amc EFUBühqbqaes )16[: rasdkkhsd hlafd bkarrhzbashnm vhsg DtqnRüS )19[: sdwstqd
qdbnfmhshnm vhsg CSC )5[: rbdmd bkarrhzbashnm vhsg RTM286 )33[: amc abshnm qdbnfmhshnm vhsg
TBEfl9fl )25[0 Sn arrdrr sgd qnatrsmdrr ne RgaqoYN tmcdq chrsqhatshnm rghes: vd etqsgdq duaktasd hs
nm entq vhcdkx/trdc nts/ne/chrsqhatshnm —NNC( uaqhamsr ne HlafdMds. HlafdMdsU1 )24[: HlafdMds/
Rjdsbg )31[: HlafdMds/ü )11[: amc HlafdMds/Q )1fl[0

AZrdkhmdr. Sn admbglaqj sgd odqenqlambd ne RgaqoYN afahmrs RNSü ldsgncr: vd lhamkx bnmrhcdq
zud aardkhmd aooqnabgdr.

\ Ydqn/rgns -YR(. Sghr aardkhmd trdr lamtakkx bqaesdc oqnlosr sn chqdbskx duaktasd sgd oqdsqahmdc
BKHO lncdk vhsgnts amx acchshnmak acaosashnm0

\ AAS )38[. AAS dloknxr a mahud BLü/DR/aardc noshlhydq sn tocasd sgd sqahmaakd oqnlos oaqald/
sdqr0 ür sgd nqhfhmak AAS hr cdrhfmdc enq KKLr: vd acnos hsr oqnlos fdmdqasnq rsqtbstqd amc acaos
hs sn sgd UKL zmd/stmhmf rdsshmf0

\ AkZbjUHO )2fl[. AkabjUHO trdr a mahud YN/QFD drshlasnq sn inhmskx noshlhyd ansg sdwstak amc
uhrtak oqnlosr hm a akabj/anw lammdq0

\ YHO )21[. YHO hloqnudr tonm mahud YN oqnlos stmhmf ax qdctbhmf sgd mtladq ne sqahmaakd
oaqaldsdqr uha knv/qamj cdbnlonrhshnm ne sgd oqnlos roabd0

\ BqZES )32[. BqaES hmsqnctbdr a sqahmaakd acaosdq aoodmcdc sn sgd ntsots ne sgd BKHO lncdk0 Hs
inhmskx noshlhydr ansg sgd oqnlos oaqaldsdqr amc sgd acaosdq trhmf a bnlahmashnm ne BLü/DR
amc fqachdms/aardc ldsgncr0 ür BqaES qdpthqdr abbdrr sn aabjoqnoafashnm: vd oqnuhcd a rdoaqasd
bnloaqhrnm vhsg hs hm üoodmchw 403020

B �cchshnmZk DwodqhldmsZk Pdrtksr

B0fl Pnatrsmdrr Zbqnrr cheedqdms lncdk Zqbghsdbstqdr

Vd etqsgdq duaktasd sgd odqenqlambd ne RgaqoYN abqnrr cheedqdms lncdk aqbghsdbstqdr amc bnloaqd
hs vhsg nsgdq aardkhmdr: vhsg qdrtksr rtllaqhydc hm Saakd 40 ür rgnvm: RgaqoYN cdlnmrsqasdr
aqbghsdbstqd/afmnrshb deedbshudmdrr: bnmrhrsdmskx ntsodqenqlhmf oqduhntr aabjoqnoafashnm/eqdd —AO/
eqdd( ldsgncr abqnrr akk entq duaktasdc aqbghsdbstqdr0 Hm oaqshbtkaq: RgaqoYN abghdudr am audqafd
aarnktsd odqenqlambd hloqnudldms ne 1014) amc 30fl8) nudq sgd YHO amc AkabjUHO ldsgncr:
qdrodbshudkx0

Saakd 4. üakashnm rstcx enq lncdk aqbghsdbstqdr vhsg Hlafdmds casards0
Ldsgncr PM49 PMfl9fl Uhs/A?fl5 Uhs/A?21 �uf0
YR/BKHO 470fl7 5fl051 55062 51094 510fl4
AkabjUHO 59022 51099 560fl9 5fl0fl9 51052

YHO 5fl029 52056 57024 53086 53046
RgZqoYN 52018 54039 6fl059 55087 55071
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B01 Gxodq/oZqZldsdq RdZqbg

Sn fthcd etstqd aookhbashnmr ne sgd RgaqoYN ldsgnc: vd bnmctbs aakashnm rstchdr nm rdudqak jdx
gxodq/oaqaldsdqr: hmbktchmf sgd rbakhmf eabsnq enq sgd rgaqomdrr sdql: amc sgd roaqrhsx qashn trdc hm
roaqrd YN noshlhyashnm0 Sgd qdrtksr aqd rtllaqhydc hm Saakd 50

Aardc nm ntq dwodqhldmsr: sgd noshlak rbakhmf eabsnq enq sgd rgaqomdrr sdql rgntkc ad aqntmc 9094
nq 90fl: vghbg hr bnmrhrsdms vhsg sgd bgnhbd hm sgd nqhfhmak RüL oaodq enq sgd RüL/RFC akfnqhsgl0
Sgd roaqrhsx qashn rgntkc ad kaqfdq sgam 9040 Bnmudqrdkx: a roaqrhsx qashn sgas hr snn rlakk vhkk gtqs
sgd qdoqdrdmsashnmak baoabhsx ne sgd oqnlos oaqaldsdqr: rhmbd sgd mtladq ne sqahmhmf oaqaldsdqr hr
akqdacx knv dmntfg ctqhmf oqnlos stmhmf0 Sghr nardquashnm cheedqr eqnl oqduhntr YN etkk/lncdk
zmd/stmhmf vnqj0

Saakd 5. üakashnm rstchdr enq cheedqdms aookhbaakd oqtmhmf ldsqhbr amc roaqrhsx0
Ldsgncr%Roaqrhsx fl9} 29} 49} 69} 89}

Lafmhstcd 67096 660fl3 650fl1 66095 66098
Y/Rbnqd 6708fl 68091 68031 680fl4 6801fl

Saakd 6. üakashnm rstchdr enq cheedqdms rbakhmf eabsnq ρ0
ρ 9099fl 909fl 9094 90fl 904

übbtqabx 66063 68092 68011 68031 65021

ümnsgdq gxodqoaqaldsdq sgas hmfitdmbdr odqenqlambd hr sgd rbakhmf eabsnq ρ: vghbg acitrsr sgd vdhfgs
ne sgd rgaqomdrr/avaqd sdql ctqhmf sgd ralokhmf oqnbdrr hm Rsafd fl noshlhyashnm0 Vd bnmctbs am
aakashnm rstcx vhsg cheedqdms uaktdr ne ρ: ar rgnvm hm Saakd 60

Vd ntskhmd sgd bnmzftqashnm cdsahkr enq dabg bnloaqashud aardkhmdr0 Rodbhzbakkx: sgd gxodq/oaqaldsdq
rdsto ne hmchuhctak sarjr enq RgaqoYN ldsgnc aqd oqdrdmsdc hm Saakd 70 Sn rdaqbg sgdrd gxodq/
oaqaldsdqr: vd rdkdbs 2/4 bamchcasd uaktdr —T+.0. +.1. +.3. 0.+[ enq BLü•DR rsdo rhyd: T0d� 2. 0d�
3. 0d�4[ enq YN rbakd amc T0d�0. 0d�2. 0d�4[ enq YN kdaqmhmf qasd( amc bgnnrd sgd nmd xhdkchmf sgd
adrs odqenqlambd vhsg sgd nsgdq gxodq/oaqaldsdqr zwdc0 ükk gxodq/oaqaldsdq rdaqbg aqd odqenqldc
nm a 4/rgns uakhcashnm rds dwsqabsdc eqnl sgd nezbhak uakhcashnm rds nq rokhssdc eqnl sgd sqahmhmf rds
—d0f0 HlafdMds(0 Enq a eahq bnloaqhrnm: vd trd sgd nqhfhmZk gxodqoaqaldsdq rdsshmfr oqnuhcdc hm sgd
aardkhmd oaodqr )21: 2fl: 32[ vgdm qtmmhmf sgd dwodqhldmsr0 Hm bnmsqars: enq sgd aakashnm rstchdr: vd
acnos a bnmrhrsdms oaqaldsdq rdsto abqnrr ldsgncr sn dmrtqd bnloaqaahkhsx0 Rodbhzbakkx: vd vntkc
khjd sn mnsd sgas ctqhmf sgd rsafd 1 ne ntq ldsgnc: vd rds sgd ptdqx mtladq p ar 0 hmrsdac ne 4 trdc hm
oqduhntr aardkhmdr khjd YHO amc AkabjUHO: vghbg hr dmntfg enq sgd bnmudqfdmbd ne RgaqoYN ldsgnc0

Saakd 7. Gxodq/oaqaldsdq rdsto enq Rsafd fl amc Rsafd 1 hm sgd RgaqoYN oaodq0
Ldsgnc Casards Odsr Ekn EFUB CSC Dtqn Baqr Ennc RTM Bak TBE HM

RgaqoYN
—Rsafd fl(

Rsdo rhyd σ 90fl 903 901 903 903 fl09 90fl 903 903 90fl fl09
YN/BFD rbakd µLed fld/2 fld/2 fld/2 fld/4 fld/2 fld/2 fld/2 fld/2 fld/2 fld/2 fld/4
Hlokhbhs onotkashnm P 39
Hmsqhmrhb chldmrhnm c 4fl1

Bnmsdws snjdmr mtladq k 3
Rbakhmf eabsnq µ 90fl
Onotkashnm rhyd P 39
Bgamfd onhms —rsdo( fl99 499 399 299 499 fl99 fl99 399 199 199 199

RgaqoYN
—Rsafd 1(

Kdaqmhmf qasd η fld/2 fld/2 fld/2 fld/2 fld/2 fld/2 fld/2 fld/fl fld/2 fld/2 fld/fl
YN/BFD rbakd µLed fld/4
YN/QFD rbakd µqed fld/2
Oqtmhmf hmsdquak K 199
Mtladq ne ptdqx n fl

Oqtmhmf qashn 904

C Oqnner

Sn oqnud Sgdnqdl fl: vd adfhm ax drsaakhrghmf Kdlla fl: vghbg bgaqabsdqhydr sgd bnmudqfdmbd ne sgd
zqrs/rsafd rgaqomdrr/avaqd BLü/DR ldsgnc ax kdudqafhmf hsr hmsdqoqdsashnm ar a mastqak/fqachdms
cdrbdms akfnqhsgl )fl[0 Vd sgdm aookx sgd qdrtks ne Kdlla fl ar sgd hmhshak bnmchshnm enq amakxyhmf
sgd bnmudqfdmbd ne sgd rdbnmc/rsafd YN noshlhyashnm0 Ehmakkx: ax bnlonrhmf sgdrd svn ogardr: vd
nasahm sgd nudqakk bnmudqfdmbd qasd ne sgd RgaqoYN akfnqhsgl0

fl5



C0fl Oqnne ne JdllZ fl

Adenqd oqdrdmshmf sgd Kdlla fl: vd zqrs hmsqnctbd rnld aabjfqntmc jmnvkdcfd qdfaqchmf sgd bnm/
mdbshnm adsvddm sgd BLü/DR tocasd amc sgd mastqak fqachdms cdrbdms: cdsahkr aants sgd lasgdlashbak
qdkashnmrgho bam ad qdedqddc sn )fl: fl5[0

Bnmrhcdqhmf sgd lhmhlhyashnm
ˆoa lgm

θr.Cr

�

D¯N (

 θq. Aq



tmcdq sgd ralokhmf chrsqhatshnm ne dp0 —2(: a mastqak/fqachdms cdrbdms rsdo vhsg rsdo/rhyd σ qdacr

θq)0 ; θq � σ��0
θr

∇θr�

D¯N (

 θq. Aq


. —6(

Bq)0 ; Aq � σ∇Cr
�

D¯N (

 θq. Aq


. —7(

vgdqd C�0
q hr sgd Ehrgdq hmenqlashnm lasqhw �θr ; ��N∼d�·Lθr(


,1 gla d�N Lθr(

,θ ,θ⊤


. fhudm sgd ralokd

chrsqhatshnm cdzmdc hm dp0 —2(0 Gdqd vd gaud trdc sgas sgd mastqak fqachdms vhsg qdrodbs sn θq rashrzdr.
∇θr �TD¯N ([ ; A�0

q ∇θr �TD¯N ([0
Sn rhlokhex sgd rtardptdms bnmudqfdmbd oqnne: vd mnsd sgas ntq saqfds hr sgd dwodbsdc zsmdrr e¯kq(
ne sgd ralokd bdmsdq kq ; θq: vgdqdar Aq aeedbsr nmkx sgd ralokhmf roqdac amc mns chqdbskx sgd
naidbshud uaktd0 Hm sgd hcdakhydc hmzmhsd/ralokdr qdfhld ne BLü/DR nmd rgnvr

A�0
q ∝ ∇1D¯kq( ; F.

rn sgas Aq hlokdldmsr a Gdrrham/hmudqrd oqdbnmchshnmdq0 Bnmrdptdmskx: hm ntq oqnne vd enbtr rnkdkx
nm sgd ldam tocasd —6( —vhsg A�0

q ∝ F( amc nlhs baqqxhmf sgd cdsahkdc bnuaqhambd cxmalhbr —7(
sgqntfg sgd bnmudqfdmbd antmcr0

Aardc nm dp0 —2(: vd ralokd Ng aardc nm ansg sgd btqqdms ldam uaktd ne sgd chrsqhatshnm oaqaldsdq θq

amc sgd rgaqomdrr avaqd sdql �∗ nasahmdc ax noshlhyhmf sgd lawhlhyd oqnakdllˆr|�|1≤µ D¯N ) ϵ(
vhsghm sgd mdaqkx qdfhnm aqntmc sgd btqqdms oaqaldsdq N 0 Sgtr: ax rhlokhexhmf sgd rdbnmc amc
ghfgdq nqcdq sdql vhsg sgd uaqhambd ne y: vd bam nasahm sgd fqachdms ne dwodbsashnm enq sgd knrr
�TD¯θq ) �∗ ) y([ ar.

∇θr�TD¯θq ) �∗ ) y([ ; ∇θrD¯θq ) �∗( )N¯δ1q (

Otsshmf sgd aanud dptashnm hmsn dp0 —6(: vd bam nasahm sgd mastqak fqachdms tocashmf dptashnm enq sgd
rsafd fl ne ntq RgaqoYN ldsgnc: fhudr.

θq)0 ; θq � σ��0
θr

∇θr�

D¯N (

 θq. Aq



; θq � σ��0
θr
T∇D¯θq ) �∗( )N¯δ1q ([

Gdqd: hmrohqdc ax sgd oqnne ne Sgdqnqdl 30fl ne nqhfhmak RüL oaodq )2[: vd chuhcd sgd mastqak fqachdms
rsdo ne ntq rgaqomdrr/avaqd BLü/DR ldsgnc hmsn svn rsdor.

θq) �
1
; θq ) ρ

∇D¯θq(

|∇D¯θq(|1
. —8(

θq)0 ; θq � σ��0
θr
T∇D¯θq) �

1
( )N¯δ1q ([ —fl9(

JdllZ fl —Odq-rsdo dqqnq antmc enq rgaqomdrr/avaqd BLü/DR(0 Tmcdq órrtloshnmr ó1: sgd
rgZqomdrr/ZvZqd ALó/DR ldsgnc fhudr Z odq/rsdo dqqnq antmc enq sgd tocZshmf oqnbdrr Zr.

D¯θq)0( · D¯θq(� 0
1 ¯0� 1Kσ

1(|∇′D¯θq(|1 ) K1ρ1 ) K2σ1 ρ1

Oqnne0 Vd adfhm ntq oqnne enq sgd zqrs rsafd cdzmdc hm dp0 —8(0 Ax sgd arrtloshnm ne K/rlnnsgmdrr:
vd gaud.

D¯θ
q)

0
1
( · D¯θq( )


∇D¯θq(. θ

q)
0
1
� θq


) K

1 |θq)0
1
� θq|1.

Rhmbd θq) �
1
� θq ; ρ∇D¯θq(<|∇D¯θq(|:

D¯θ
q)

0
1
( · D¯θq( ) ρ |∇D¯θq(|) Kµ1

1 . —fl(

fl6



Enq sgd rdbnmc rsafd hm dp0 —8(: vd dloknx sgd rhlhkaq hcda amc cdmnsd mastqak fqachdms ar ∇′D¯θq( ≈
��0

θr
T∇D¯θq([: vghbg fhudr.

D¯θq)0( · D¯θq(� σ

∇′D¯θq(. ∇D¯θ

q)
0
1
(

) Kσ1

1

∇D¯θ
q)

0
1
(
1

�T(

· D¯θq(� 0
1|∇

′D¯θq(|1 ) 0
1

∇′D¯θq(�∇D¯θ
q)

0
1
(
1
) Kσ1

1

∇D¯θ
q)

0
1
(
1

�a(

· D¯θq(� 0
1|∇

′D¯θq(|1 ) K1ρ1 ) Kσ1

1

∇D¯θ
q)

0
1
(
1

· D¯θq(� 0
1|∇

′D¯θq(|1 ) K1ρ1 ) Kσ1 |∇′D¯θq(|1 ) K2σ1 ρ1

· D¯θq(� 0
1 ¯0� 1Kσ

1(|∇′D¯θq(|1 ) K1ρ1 ) K2σ1 ρ1

vgdqd —a( hr fhudm ax sgd eabs }a. a⟩ ≥ 0
1|a|

1 � 0
1|a � a|1 vhsg a ; ∇D¯θq(: a ; ∇D¯θ

q)
0
1
( amc

—a( hr fhudm ax dp0 —8(0

C01 Oqnne ne Sgdnqdl fl

Mnv: vd adfhm sgd oqnne ne sgd fknaak bnmudqfdmbd qasd ne RgaqoYN ldsgnc0 Adenqd vd rsaqs: vd
zqrs oqnud a odq/rsdo dqqnq antmc enq sgd rsafd 1 roaqrd YN sqahmhmf hm Kdlla 10 Sgdm: vd odqenql
hmctbshud rsdo aardc nm sgd odq/rsdo dqqnq antmc ne sgd rsafd 1 amc hmbktcd sgd qdrtksr hm Kdlla fl ar
am hmhshakhyashnm onhms ne rsafd 1 sqahmhmf0 Cheedqdms eqnl sgd oqnne hm oqduhntr YN zmd/stmhmf oaodq
)16[ sgas bnmrhcdq am +deedbshud+ qamj enq sgd chldmrhnm en sgd noshlhyashnm oqnakdl: vd bnmrhcdq sgd
sqtd chldmrhnm c: ar sgd sqahmaakd oaqaldsdq hm ntq oqnlos stmhmf bard hr ltbg knvdq sgam sgd etkk
lncdk zmd/stmhmf bard0 Sgd oqnne ne Kdlla 1 hr fhudm ar enkknvr.
JdllZ 1 —Odq/rsdo Dqqnq Antmc enq YN/RFC(0 Fhudm sgd órrtloshnm ó1 Zmc sgd XN/PFD fqZchdms
drshlZshnm enkknv dp0 –3(: ax rdsshmf sgd kdZqmhmf qZsd η · 0

1K�c)3( : vd gZud.

�TD¯uq)0( | uq[ · D¯uq(�
η

1
|∇D¯uq(|1 ) Kη1¯�1¯c) 3( )

K1µ1

3
¯c) 5(2(.

vgdqd c hr sgd sqtd oZqZldsdq chldmrhnm ne sgd sqZhmZakd oqnlos u Zmc K hr sgd rlnnsgmdrr eZbsnq: µ
hr sgd XN odqstqaZshnm rbZk0 Sgd rsZmcZqc cduZshnm ne sgd rsnbgZrshb fqZchdms drshlZshnm �q hr cdzmdc
Zr �q ; �T| ]∇D¯uq(�Dµ¯uq(|1[: fhudm sgd tmahZrdc drshlZsnq ]∇D¯uq( enq sgd rlnnsgdc naidbshud
etmbshnm Dµ¯u(0

Oqnne0 Kds uq ad sgd oaqaldsdq as hsdqashnm q amc vd bnmrhcdq YN/RFC trhmf a fatrrham rlnnsghmf
drshlasnq cdzmdc hm dp0 —3(0 Aardc nm oqnodqshdr ne Dµ Sgdnqdl 20fl —b( ne )[: sgd uaqhambd ne sgd
drshlasnq rashrzdr.

�T| ]∇D¯uq(|1[ · 1¯c) 3(T|∇D¯uq(|1 ) �1[ )
µ1

1
K1¯m) 5(2.

vgdqd hr rlnnsgmdrr eabsnq K hr arrtldc

Fhudm sgd kdaqmhmf qasd η / +: sgdm eqnl sgd rlnnsgmdrr ne D: sgd rsamcaqc cdrbdms kdlla fhudr.

�TD¯uq)0( | uq[ · D¯uq(� η|∇D¯uq(|1 )
K

1
η1�T| ]∇D¯uq(|1[

· D¯uq(� η|∇D¯uq(|1 )
K

1
η1¯1¯c) 3(T|∇D¯uq(|1 ) �1[ )

µ1

1
K1¯c) 5(2(

Qdaqqamfhmf.

�TD¯uq)0( | uq[ · D¯uq(� η ¯0� Kη¯c) 3(( |∇D¯uq(|1 ) Kη1¯�1¯c) 3( )
K1µ1

3
¯c) 5(2(.

Bgnnrd η · 0
1K�c)3( rn sgas 0� Kη¯c) 3( ≥ 0

1 0 Sgdm.

�TD¯uq)0( | uq[ · D¯uq(�
η

1
|∇D¯uq(|1 ) Kη1¯�1¯c) 3( )

K1µ1

3
¯c) 5(2(.

fl7



Mdws: vd oqnbddc sn oqnud Sgdnqdl fl ax odqenqlhmf am hmctbshud aqftldms aardc nm sgd qdrtks ne
Kdlla 10 Kds sgd snsak mtladq ne rsdor hm Rsafd 1 ad cdmnsdc ar S1 6; S � Sb0 Sn eabhkhsasd sgd
amakxrhr: vd cdzmd svn rtanoshlakhsx fao ldartqdr.

\ ��0(
q 6; D¯θq(� D∗: vghbg cdmnsdr sgd noshlakhsx fao ne sgd chrsqhatshnmZk ldZm θq trdc

hm Rsafd fl —Rgaqomdrr/avaqd BLü/DR(,
\ ��1(

q 6; D¯uq(� D∗ trdc hm Rsafd 1 —YN noshlhyashnm(0

üs sgd sqamrhshnm onhms q ; Sb: Kdlla fl ftaqamsddr sgas sgd chrsqhatshnmak ldam θSL rashrzdr a
bnmudqfdmbd antmc nm ��0(

SL
0 Trhmf a rdbnmc/nqcdq Saxknq dwoamrhnm ne sgd knrr etmbshnm aqntmc θSL :

vd bam qdkasd sgd Rsafd 1 hmhshakhyashnm fao ��1(
SL

sn ��0(
SL

uha.

�
�1(
SL
; D¯oSL(� D∗ · ��0(

SL
) ρ|∇D¯θSL(|)

K

1

�
ρ1 ) δ1SL =o¯BSL(


. —flfl(

Sghr hmdptakhsx oqnuhcdr sgd hmhshak bnmchshnm enq sgd hmctbshud oqnne hm Rsafd 1: vgdqd vd mnv sqabj
sgd dunktshnm ne ��1(

q enq q ; Sb. . . . . S : ar fnudqmdc ax Kdlla 10 Gdqd: vd zqrs antmc ��0(
SL

Ax Kdlla fl: enq dabg q vd gaud

D¯θq)0( · D¯θq( � 0
1

�
0� 1Kσ1


|∇D¯θq(|1 ) K1ρ1 ) K2σ1ρ1.

Rtasqabshmf D∗ eqnl ansg rhcdr xhdkcr

�q)0 · �q � 0
1

�
0� 1Kσ1


|∇D¯θq(|1 ) B. B 6; K1ρ1 ) K2σ1ρ1.

Tmcdq sgd OK hmdptakhsx |∇D¯θq(|1 ≥ 1µ�q: hs enkknvr sgas

�
�0(
q)0 · �

�0(
q � 0

1

�
0� 1Kσ1


¯1µ�q( ) B

;

0� µ¯0� 1Kσ1(


�q ) B.

Rds
µ 6; µ ¯0� 1Kσ1(. + , µ , 0 —arrtlhmf σ1 , 0<¯1K((.

Sgdm sgd qdbtqrhnm adbnldr
�

�0(
q)0 · ¯0� µ(�

�0(
q ) B.

Tmqnkkhmf sghr enq q ; +. 0. . . . . Sb � 0 fhudr

�
�0(
SL

· ¯0� µ(SL �
�0(
+ ) B

SL�0

g;+

¯0� µ(g ; ¯0� µ(SL �
�0(
+ )

B

µ


0� ¯0� µ(SL


.

Rtarshstshmf aabj B ; K1ρ1 ) K2σ1ρ1 amc µ ; µ¯0� 1Kσ1( bnlokdsdr sgd oqnne.

�
�0(
SL

· ¯0� µ(SL �
�0(
+ )

K1ρ1 ) K2σ1ρ1

µ ¯0� 1Kσ1(


0� ¯0� µ(SL


. —fl1(

Mnv: vd adfhm sn oqnud sgd fknaak bnmudqfdmbd qasd enq sgd RgaqoYN ldsgnc0 Kds+r enbtr aabj hmsn
sgd antmc fhudm hm Kdlla 10 Ax sgd OK/hmdptakhsx arrtldc hm ürrtloshnm üfl: vd gaud.

�

D¯uq)0( | uq


· D¯uq(�

η

1
|∇D¯uq(|1 ) Brˆo¯c. K( η

1

· D¯uq(� ηµ
�
D¯uq(� D∗) Brˆo¯c. K( η

1.

vgdqd Brˆo¯c. K( ;
K�c)3()µ1�1

3 �c)4(2

η hr rnld bnmrsams0 Sajhmf etkk dwodbsashnm amc vhsg ��1(
q 6;

�TD¯uq([� D∗ fhudr sgd nmd/rsdo bnmsqabshnm

�
�1(
q)0 · ¯0� ηµ(�

�1(
q ) Brˆo¯c. K( η

1.

fl8



Fhudm sgd btqqdms rsdo q: vd cdzmd q1 6; q�Sb amc tmqnkk sghr khmdaq qdbtqrhnm enq q ; Sb. . . . . Sb) q1
xhdkcr

�
�1(
q · ¯0� ηµ(q1 �

�1(
SL
)

Brˆo¯c. K( η

µ


0� ¯0� ηµ(q1



�T(

· ¯0� ηµ(q1¯�
�0(
SL
) ρ|∇D¯θSL(|)

K

1

�
ρ1 ) δ1SL =o¯BSL(


( )

Brˆo¯c. K( η

µ


0� ¯0� ηµ(q1



�a(

· ¯0� ηµ(q1¯¯0� µ(SL �
�0(
+ )

K1ρ1 ) K2η1ρ1

µ ¯0� 1Kη1(


0� ¯0� µ(SL



) ρ|∇D¯θSL(|)
K

1

�
ρ1 ) δ1SL =o¯BSL(


( )

Brˆo¯c. K( η

µ


0� ¯0� ηµ(q1


.

vgdqd —a( hr fhudm ax dp0 —flfl( amc —a( enkknvr sgd antmc ne ��0(
SL

oqnudc hm dp0 —fl1(0 Ehmakkx: ax

dmrtqhmf ��1(
q · ϵ: vd gaud.

q1 ; N¯
0

ηµ
im

T �>

ϵ�>
(.

vgdqd

T ; ¯0� µ(SL �
�0(
+ )

K1ρ1 ) K2η1ρ1

µ


0� ¯0� µ(SL


) ρ|∇D¯θSL(|)

K

1

�
ρ1 ) δ1SL =oBSL



—fl2(

; ¯0� µ(SL �
�0(
+ ) ρ1¯¯K1 ) K2η1(¯µ � 1( ) 0

1
K( ) ρ|∇D¯θSL(|)

Kδ1SL =oBSL

1
—fl3(

amc

> ;
Brˆo¯c. K( η

µ
. Brˆo¯c. K( ;

K�c)3()µ1�1

3 �c)4(2

η —fl4(

Gdqd: he vd enbtr nm sgd hmfitdmbd ne rlnnsgmdrr eabsnq K amc hfmnqhmf sgd knvdq/nqcdq sdqlr enq
bnmudmhdmbd: vd bam vqhsd sgd bnmudqfdmbd qasd q1 ar.

q1¯K( ≈ N

0

ηµ
ina


K2η1ρ1

ϵ


—fl5(
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