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rnktshnm sn �0-03( hr mnm,mdf]shud ]mc rn) sg]s dudqx rnktshnm sn �0-03( hr ] mnm,mdf]shud
rnktshnm sn �0-00(- Hs lhfgs ad vnqsg onhmshmf nts sg]s sgd nmd,chldmrhnm]k etmbshnm
)t +: )tb • tb ∈ B1(NM

˜( hr ] onrhshud rnktshnm sn sgd dpt]shnm hm �0-03( ]mc ]krn
r]shr’dr )t : / nm ∂NM

˜ - Gnvdudq) )t .∈ G0
/ (NM
˜( rhmbd hs nmkx cdodmcr nm sgd wM

u]qh]akd- Gdmbd) )t hr mns ] rnktshnm sn �0-03(-
Vd rg]kk knnj enq ] mnm,sqhuh]k rnktshnm sn �0-03( ]r ] bqhshb]k onhms ne sgd ]rrnbh]sdc

etmbshnm]k

D + G0
/ (NM
˜(� N) D(t( : 0

1

˜

�M
˜

∫
{∇t{1 ˜ t1

(
cw •

˜

�M
˜

F(w) t(cw) �0-04(

vgdqd

F(w) t( +:
˜ t

/
f(w) r(cr : 0

o ˜ 0

∫�
tb ˜ t˜

(o˜0 • t o˜0
b • (o ˜ 0(t o

b t˜
(
,

�0-05(
Lnqd oqdbhrdkx) vd ]qd fnhmf sn oqnud sgd dwhrsdmbd ne ] mnm,sqhuh]k bqhshb]k onhms ne
lntms]hm o]rr sxod- Sghr qdpthqdr mdv ]mc rtaskd drshl]sdr- Sgd jdx che’btkshdr hm sgd
u]qh]shnm]k ]ooqn]bg ]qd sgd mnm,rs]mc]qc rg]od ne sgd mnmkhmd]qhsx f hm �0-03( ]mc sgd
k]bj ne bnlo]bsmdrr ctd sn sgd tmantmcdcmdrr ne NM

˜ - Sn nudqbnld sgdrd che’btkshdr)
vd mddc mdv drshl]sdr vhsghm sgd ]m]kxrhr ne Bdq]lh rdptdmbdr ]mc enq bnlo]qhmf
sgd lntms]hm o]rr dmdqfx u]ktd enq D vhsg sgd bnqqdronmchmf nmd ne sgd khlhs dmdqfx
etmbshnm]k

D∞ + G0(NM (� N) D∞(t( : 0

1

˜

�M

∫
{∇t{1 ˜ t1

(
cw• 0

o ˜ 0

˜

�M
{t{ o˜0cw ,

�0-06(
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Hm o]qshbtk]q) vd rg]kk trd sgd ]rxlosnshb cdb]x oqnodqshdr ne sgd tmhptd onrhshud q]ch]k
rnktshnm sn �0-0( hm nqcdq sn athkc rths]akd sdrs etmbshnmr-

Vd vhrg sn ldmshnm svn etqsgdq nodm oqnakdlr ]s sghr rs]fd- Ehqrs) nmd l]x ]rj
vgdsgdq Sgdnqdl 0-2 dwsdmcr sn sgd bqhshb]k b]rd M ≥ 2) o : 1∗ • 0- Hm sghr b]rd) sgd
lntms]hm o]rr fdnldsqx ne sgd etmbshnm]k D qdl]hmr) ats sgd k]bj ne bnlo]bsmdrr hr
lnqd rdudqd ]r hs hr mns nmkx b]trdc ax sgd tmantmcdcmdrr ne NM

˜ ats ]krn ax onrrhakd
onhms bnmbdmsq]shnm ne antmcdc Bdq]lh rdptdmbdr- Hmcddc) vghkd sgd khlhs dmdqfx
etmbshnm]k D∞ hm �0-06( cndr mns ]clhs bqhshb]k onhmsr hm sgd b]rd o : 1∗ ax Ongny]du–r
hcdmshsx �rdd d-f- Z23) Bnqnkk]qx A-3[() qdrb]khmf antmcdc Bdq]lh rdptdmbdr ]qntmc
onrrhakd bnmbdmsq]shnm onhmsr kd]cr sn bqhshb]k onhmsr ne sgd X]l]ad etmbshnm]k t ≤�
0
1

)
�M {∇t{1 cw• 0

1∗
)
�M {t{1∗

cw - Hs sgdqdenqd rddlrm]stq]k sn athkc sdrs etmbshnmr eqnl

sq]mrk]sdc ]mc bnmbdmsq]sdc hmrs]msnmr w ≤� =M (M•1(ε1\ M•1
3

�
ε1˜{w•w∗{1

(• M•1
1 hm

nqcdq sn drshl]sd sgd lntms]hm o]rr dmdqfx- Gnvdudq) rhmbd ntq drshl]sdr qdkx nm sgd
oqdbhrd dwonmdmsh]k cdb]x q]sd ne sgd tmhptd onrhshud q]ch]k rnktshnm sn �0-0( ]r fhudm
hm �3-5() sgdx cn mns ]ookx sn hmrs]msnmr- Gdmbd sgd b]rd o : 1∗ qdl]hmr ] oqnakdl
enq etstqd qdrd]qbg-

Sgd rdbnmc nodm oqnakdl bnmbdqmr sgd dwhrsdmbd ne rnktshnmr ne sgd enql w ≤�
v/(wM • sb)o(˜ t(w( vhsg t ∈ G0

/ (NM
˜([]/|- Hm sghr b]rd) tb g]r sn ad qdok]bdc ax)tb

hm sgd cd’mhshnm ne sgd mnmkhmd]qhsx F hm �0-05(- Nmd l]x nardqud sg]s sgd lntms]hm
o]rr fdnldsqx hr knrs hm sghr b]rd) ]mc sgd oqdrdmbd ne drrdmsh]k rodbsqtl kd]cr sn
]cchshnm]k che’btkshdr vghbg rddl g]qc sn cd]k vhsg-

Vd mnv bnlldms nm sgd oqnner ne sgd mnm,dwhrsdmbd o]qs �hh( ne Sgdnqdl 0-1- Vd
]qftd ax bnmsq]chbshnm ]mc trd ] rths]akd lnch’b]shnm ne sgd rn,b]kkdc rkhchmf ldsgnc
hmsqnctbdc ax G- Adqdrsxbjh ]mc K- Mhqdmadqf ]mc etqsgdq cdudknodc ax G- Adqdrsxbjh)
K- B]ee]qdkkh ]mc K- Mhqdmadqf ]lnmf nsgdqr- Rodbh’b]kkx) ntq oqnner ]qd hmrohqdc ax
Z04) Rdbs- 1[ ]mc Z6) Rdbs- 3[-

Vd ’m]kkx bnlldms nm sgd antmcdcmdrr ne onrhshud rnktshnmr sn �0-2(ü�0-3(- @r
rs]sdc hm sgd enkknvhmf oqnonrhshnm) ]kk sgd onrhshud rnktshnmr sn �0-2(ü�0-3( ]qd antmcdc
hm sgd b]rd vgdqd 0 / o / 1∗ • 0- Gdmbd) sgd e]bs sg]s vd ]qd bnmrhcdqhmf antmcdc
rnktshnmr hr mns ] qdrsqhbshnm hm sghr b]rd-

Oqnonrhshnm .-4 Ids M ≥ 1) 0 / o / 1∗ • 0 Xmc b < /- :mx onrhshud > ∈ B1(NM
˜( ∩

B(NM
˜(,rnktshnm sn �0-2(z�0-3( adknmfr sn I∞(NM

˜(-

Sgd oqnne ne Oqnonrhshnm 0-4 enkknvr ax ] q]sgdq rs]mc]qc aknv to ]qftldms a]rdc
nm sgd cntakhmf kdll] ax O- Onk]̀flbhj) O- Pthssmdq ]mc O- Rntokds hm Z18[- Enq sgd
bnmudmhdmbd ne sgd qd]cdq) vd hmbktcd sgd oqnne hm Rdbs- 4 adknv-

NpfOmhwOshnm ne sgd oOodp

Hm Rdbs- 1) vd bnkkdbs drshl]sdr qdk]sdc sn sgd mnmkhmd]qhsx f hm �0-02( ]mc sgd etmbshnm]k
D ]rrnbh]sdc vhsg �0-03(- Vhsg sgd gdko ne sgdrd drshl]sdr) vd drs]akhrg sgd lntms]hm
o]rr fdnldsqx ne D hm Rdbs- 2) ]mc vd rgnv sg]s Bdq]lh rdptdmbdr ]s mnmsqhuh]k
dmdqfx kdudkr ]qd antmcdc ]mc ]clhs mnmsqhuh]k vd]j khlhsr ]esdq rths]akd sq]mrk]shnm-
Hm Rdbs- 3) vd sgdm oqnud ] jdx dmdqfx drshl]sdvghbg rgnvr sg]s) hm chldmrhnmr M ≥ 1)
sgd lntms]hm o]rr dmdqfx ne sgd etmbshnm]k D hr rsqhbskx rl]kkdq sg]m sgd bnqqdronmchmf

�12
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nmd enq sgd khlhs dmdqfx etmbshnm]k D∞ fhudm hm �0-06(- Vhsg sgd gdko ne sghr dmdqfx
drshl]sd) vd sgdm bnlokdsd sgd oqnne ne Sgdnqdl 0-2 hm Rdbs- 4- Ehm]kkx) vd fhud sgd
oqnne ne Sgdnqdl 0-1 �hh( hm Rdbs- 5-

CnsOshnm

Enq 0 ≤ o / ∞) vd kds ∇ ± ∇I o(�M
˜ (

cdmnsd sgd rs]mc]qc mnql nm sgd trt]k Kdadrftd

ro]bd I o(NM
˜(- Sgd Rnankdu ro]bd G0

/ (NM
˜( hr dmcnvdc vhsg sgd rs]mc]qc mnql

∇t∇1 :
˜

�M
˜

∫
{∇t{1 ˜ {t{1

(
cw ,

@krn) enq ] etmbshnm >) vd cd’md >˜ +: l]w]>) /| ]mc >• +: l]w]•>) /| ]mc vd
vqhsd w : (w ∞) wM ( enq w ∈ NM

˜ vhsg w ∞ ∈ NM•0- Vd cdmnsd ax ∞ �∞) qdrodbshudkx
ax ∞ε∞) sgd rsqnmf bnmudqfdmbd) qdrodbshudkx sgd vd]j bnmudqfdmbd hm bnqqdronmchmf
ro]bd ]mc cdmnsd ax AP(w( sgd nodm a]kk hm NM ne bdmsdq w ]mc q]chtr P < /, @krn)
vd rg]kk cdmnsd ax Bh < / cheedqdms bnmrs]msr vghbg l]x u]qx eqnl khmd sn khmd ats
]qd mns drrdmsh]k sn sgd ]m]kxrhr ne sgd oqnakdl- Ehm]kkx) ]s u]qhntr ok]bdr) vd g]ud
sn chrshmfthrg sgd b]rdr o ≤ 1 ]mc o < 1- Enq sghr hs hr bnmudmhdms sn hmsqnctbd sgd
rodbh]k bnmrs]ms

0]o<1| +:
)

/) o ≤ 1)

0) o < 1,

1 MqdihlhmTqhdr

Hm sghr rdbshnm vd bnkkdbs rnld drshl]sdr qdk]sdc sn sgd sq]mrenqldc mnmkhmd]qhsx f
cd’mdc hm �0-02() hsr oqhlhshud F ]mc sgd etmbshnm]k D cd’mdc hm �0-04(- Enq sghr vd
’w) sgqntfgnts Rdbsr- 1ü4) b ∈ (/) bo() o ∈ (0) 1∗ • 0() ]mc vd kds tb ad fhudm hm
�0-8(- Vd qdb]kk sg]s vd g]ud sgd tmhenql drshl]sd

/ ≤ tb ≤ bo hm NM
˜ , �1-0(

Vd rs]qs vhsg ]m dkdldms]qx hmdpt]khsx enq mnmmdf]shud qd]k mtladqr vghbg vhkk ad
trdc hm sgd dmdqfx drshl]sdr hm Rdbs- 3 adknv-

FdllT 1-. Enq dudqx p < 1 sgdqd dwhrsr κp < / vhsg

(X ˜ a(p • Xp • ap ≥ pXp•0a ˜ κpXap•0 enq Xkk X) a ≥ /, �1-1(

PakTpi 1�. He p ≥ 2) sgdm �1-1( gnkcr hm rxlldsqhb enql vhsg κp : p) rdd d-f- Z1/)
Sgdnqdl 0[- He p ∈ (1) 2() hs hr d]rx sn rdd sg]s nmd g]r sn bgnnrd κp / p-
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Lpnne Vd ’qrs mnsd sg]s) rhmbd p • 0 < 0) vd g]ud) ax bnmudwhsx ne sgd etmbshnm
τ ≤� (0˜ τ (p•0)

(r ˜ s(p•0 •
∫
rp•0 ˜ sp•0

(
: rp•0

∫[
0˜ s

r

(p•0

•
]

0˜
[

s

r

(p•0
√[

≥ rp•0

]

(p • 0(
s

r
•

[
s

r

(p•0
√

: (p • 0(srp•1 • sp•0 �1-2(

enq r ≥ s < /- Mnv) sn oqnud sgd bk]hl) hs rte’bdr sn bnmrhcdq X) a < /) rhmbd sgd
hmdpt]khsx gnkcr sqhuh]kkx he X : / nq a : /- Lnqdnudq) hs rte’bdr sn oqnud sg]s sgd
hmdpt]khsx gnkcr enq a ≥ X < / vhsg rnld κp ∈ (/) p\) rhmbd sgdm hs ]krn enkknvr enq
]qahsq]qx X) a < /- Enq ’wdc X < /) vd bnmrhcdq sgd etmbshnm

κ + =/)∞(� N) κ(s( : (X ˜ s(p • Xp • sp • pXp•0s

Sgdm vd g]ud κ(/( : / ]mc

κ∞(s( : p
]
(X ˜ s(p•0 •

∫
Xp•0 ˜ sp•0

([

Bnmrdptdmskx) ax �1-2( vd g]ud) enq a ≥ X)

κ(a( :
˜ X

/
κ∞(s( cs ˜

˜ a

X
κ∞(s( cs ≥ p

{˜ X

/

∫
(p • 0(sXp•1 • sp•0

(
cs

˜
˜ a

X

∫
(p • 0(Xsp•1 • Xp•0

(
cs

)

: pX
∫
κp)0X

p•0 ˜ ap•0 • Xp•1a
(

vhsg κp)0 +:
p • 0

1
• 0

p
< /,

Rhmbd) ax Xntmf–r hmdpt]khsx)

Xp•1a ≤ p • 1

p • 0
Xp•0 ˜ 0

p • 0
ap•0)

vd cdctbd sg]s

κ(a( ≥ pX

{[
κp)0 •

p • 1

p • 0

(
Xp•0 ˜ p • 1

p • 0
ap•0

)
,
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He κp)0 ≥ p•1
p•0 ) vd bnmbktcd sg]s κ(a( ≥ p(p•1(

p•0 Xap•0- Nm sgd nsgdq g]mc) he / /

κp)0 /
p•1
p•0 ) vd trd ]f]hm sg]s a ≥ X ]mc bnmbktcd sg]s

κ(a( ≥ pX

{[
κp)0 •

p • 1

p • 0

(
ap•0 ˜ p • 1

p • 0
ap•0

)
: pκp)0Xap•0,

Gdmbd) �1-1( gnkcr enq a ≥ X < / vhsg κp : p lhm] p•1
p•0 ) κp)0| ∈ (/) p(- Sgd oqnne hr

’mhrgdc- ‖0

Mdws vd oqnuhcd a]rhb ats hlonqs]ms drshl]sdr enq sgd mnmkhmd]qhsx f cd’mdc hm
�0-02( ]mc hsr oqhlhshud F-

FdllT 1-1

�h( Enq (w) r( ∈ NM
˜ · N vd gXud

/ ≤ f(w) r(• r˜ otb(w(
o•0 ≤ B0)o

]
r˜

[ o ˜ 0]o<1|B1)o
]
r˜

[1
) �1-3(

Xmc

/ ≤ F(w) r(• o

1

]
r˜

[1
tb(w(

o•0 ≤ B0)o

o ˜ 0

]
r˜

[o˜0˜0]o<1|
B1)o

2

]
r˜

[2
) �1-4(

vhsg B0)o +: 0˜ 1o•2 o(o • 0( Xmc B1)o +: o(o • 0(1o•2bo
o•1-

�hh( Ids

G(w) r( +: 0

1
f(w) r(r • F(w) r( enq w ∈ NM

˜ ) r ∈ N,

Sgdm vd gXud

G(w) r( ≥ l]w

]
/ )

o • 0

1(o ˜ 0(

]
r˜

[o˜0 • tb(w(
o•0C0)o

]
r˜

[1

•tb(w( 0]o<1|C1)o
]
r˜

[o{
�1-5(

vhsg C0)o +: o(o•0(
o˜0

�
0˜ 1o•1

(
Xmc C1)o +: o1o•1

o˜0 -

Lnqdnudq) sgd etmbshnm G(w) ±( hr mnm,cdbqdXrhmf hm r enq dudqx w ∈ NM
˜ -

PakTpi 1�1 Sgd bnmrs]msr Bh)o ]mc Ch)o) h : 0) 1) ]qd mns noshl]k- Gnvdudq) sghr
bgnhbd rhlokh’dr sgd oqdrdms]shnm- Lnqdnudq) sgdx cn mns ok]x ]m hlonqs]ms qnkd hm ntq
oqnner adknv-

Lpnne ne 5akkT 1�1 �h( Rhmbd f(±) r( ≡ / ]mc F(±) r( ≡ / enq r ≤ /) hs rte’bdr sn
bnmrhcdq r < /- Ehw w ∈ NM

˜ - Rhmbd f(w) ±( hr ne bk]rr B0 nm (/)∞() vd g]ud
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f(w) r( : (tb(w(˜ r(o • tb(w(
o �1-6(

: rotb(w(
o•0 ˜ o

˜ r

/

]
(tb(w(˜ τ (o•0 • tb(w(

o•0
[

cτ) enq r < /,

Vd mnv chrshmfthrg svn b]rdr- He o ∈ (0) 1\) vd g]ud

/ ≤ (X ˜ τ (o•0 • X o•0 ≤ τ o•0 enq τ < /) X ≥ /)

]mc sgdqdenqd) he o ∈ (0) 1\)

/ ≤ f(w) r(• rotb(w(
o•0 ≤ o

˜ r

/
τ o•0 cτ ≤ r o) enq r ≥ /, �1-7(

He o < 1) vd g]ud

/ ≤ (X ˜ τ (o•0 • X o•0 ≤ (o • 0(τ(X ˜ τ (o•1) enq τ < /) X ≥ /)

ax sgd bnmudwhsx ne sgd etmbshnm X ≤� (X ˜ τ (o•0 ]mc sgdqdenqd) trhmf ]krn �1-0()

/ ≤ f(w) r(• rotb(w(
o•0 ≤ o

˜ r

/

]
(tb(w(˜ τ (o•0 • tb(w(

o•0
[

cτ

≤ o(o • 0(
˜ r

/
τ(tb(w(˜ τ (o•1 cτ ≤ o(o • 0(

1
r1 (tb(w(˜ r(o•1

≤ o(o • 0(

1
r1 �

bo ˜ r
(o•1

,

Mnsd ]krn sg]s) rhmbd o < 1)

(bo ˜ r(o•1 ≤
�
1 l]w]bo) r|

(o•1 ≤ (1bo(
o•1 ˜ (1r(o•1) enq r ≥ /, �1-8(

Bnmrdptdmskx) he o < 1)

/ ≤ f(w) r(•rotb(w(
o•0 ≤ 1o•2 o(o•0(r o˜ o(o•0(1o•2bo

o•1r1) enq r ≥ /,
�1-0/(

Mnv �1-3( enkknvr ax bnlahmhmf �1-7( ]mc �1-0/(- Lnqdnudq) �1-4( enkknvr ax hmsd,
fq]shmf �1-3(-

�hh( Vd ’qrs mnsd sg]s G(w) r( ≡ / enq ]kk r ≤ /- Sgtr) vd itrs g]ud sn oqnud sgd
qdrtks enq r < /- Chqdbskx nardqud sg]s) enq ]kk w ∈ NM

˜ ) vd g]ud G(w) ±( ∈ B0(N( ]mc

∂

∂r
G(w) r( : o

1
(tb(w(˜ r(o•0 r ˜ 0

1
(tb(w(˜ r(o • 0

1
t o

b (w(• (tb(w(˜ r(o ˜ t o
b (w(

: 0

1

]
o (tb(w(˜ r(o•0 r • (tb(w(˜ r(o ˜ t o

b (w(
[

enq (w) r( ∈ NM
˜ · (/)˜∞(,

Nm sgd nsgdq g]mc) rhmbd o < 0) vd g]ud) ax sgd ld]m u]ktd sgdnqdl)

(tb(w(˜ r(o • t o
b (w( ≤ o (tb(w(˜ r(o•0 r enq (w) r( ∈ NM

˜ · (/)˜∞(,
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Gdmbd ∂
∂r G(w) r( ≥ / enq ]kk r < /) rn sgd etmbshnm G(w) ±( hr mnm,cdbq]rhmf hm

r ∈ =/)∞(- Sghr ]krn hlokhdr sg]s G(w) r( ≥ / enq r ≥ /- Hs sgtr qdl]hmr sn oqnud
�1-5( enq r ≥ /- Enq sghr vd ’qrs mnsd sg]s

G(w) r( : f(w) r(r

1
• F(w) r( : 0

1

�
(tb(w(˜ r(o • tb(w(

o( r

• 0

o ˜ 0

�
(tb(w(˜ r(o˜0 • tb(w(

o˜0 • (o ˜ 0(tb(w(
or

(

:
[

0

1
• 0

o ˜ 0

( �
(tb(w(˜ r(o • tb(w(

o( r

• 0

o ˜ 0

�
(tb(w(˜ r(o • tb(w(

o • otb(w(
o•0r

(
tb(w(

≥ o • 0

1(o ˜ 0(
r o˜0 • 0

o ˜ 0
tb(w(

�
f(w) r(• rotb(w(

o•0( ,

Hs sgdqdenqd qdl]hmr sn rgnv sg]s

tb(w(
∫
f(w) r(• rot o•0

b (w(
(

≤ (o ˜ 0(
∫
t o•0

b (w( C0)or
1

˜tb(w( 0]o<1|C1)or
o( ) enq r < /,

�1-00(

Ax �1-6( ]mc hmsdfq]shnm ax o]qsr vd g]ud

tb(w(
∫
f(w) r(• rot o•0

b (w(
(
: otb(w(

˜ r

/

]
(tb(w(˜ τ (o•0 • tb(w(

o•0
[

cτ

: o(o • 0(tb(w(
˜ r

/
(r • τ (

]
(tb(w(˜ τ (o•1

[
cτ,

�1-01(

He o ∈ (0) 1\) vd g]ud (tb(w(˜ τ (o•1 ≤ tb(w(o•1 enq τ < / ]mc sgdqdenqd

tb(w(
∫
f(w) r(• rotb(w(

o•0
(

≤ o(o • 0(t o•0
b (w(

˜ r

/
(r • τ ( cτ ≤ o(o • 0(t o•0

b (w(r1, �1-02(

He o < 1) ]qfthmf ]r �1-8() vd g]ud

(tb(w(˜ τ (o•1 ≤ 1o•1
∫
t o•1

b (w(˜ τ o•1
(
) enq τ ≥ /)

]mc sgdqdenqd �1-01( xhdkcr
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tb(w(
∫
f(w) r(• rotb(w(

o•0
(

≤ 1o•1 o(o • 0(tb(w(
˜ r

/
(r • τ (

]
t o•1
b (w(˜ τ o•1

[
cτ

: 1o•1 o(o • 0(tb(w(

[
t o•1
b (w(

˜ r

/
(r • τ (cτ ˜

˜ r

/
(r • τ (τ o•1cτ

(

≤ 1o•1 o(o • 0(t o•0
b (w( r1 ˜ 1o•1 otb(w( r

o) enq r < /, �1-03(

Mnv �1-00( enkknvr ax bnlahmhmf �1-02( ]mc �1-03(- Sgd oqnne hr ’mhrgdc- ‖0

PakTpi 1�2 �]( Eqnl sgd fqnvsg drshl]sdr fhudm hm Kdll] 1-1 �h( ]mc sgd e]bs sg]s
f hr bnmshmtntr) hs enkknvr hm ] rs]mc]qc v]x sg]s sgd etmbshnm]k D hr vdkk,cd’mdc
nm G0

/ (NM
˜( ]mc ne bk]rr B0-

�a( O]qs �hh( ne Kdll] 1-1 vhkk ad trdetk hm sgd ]m]kxrhr ne Bdq]lh rdptdmbdr ne sgd
etmbshnm]k D ) rdd Rdbs- 2 adknv-

Mdws) vd bnmrhcdq sgd pt]cq]shb enql pb + G0
/ (NM
˜(� N fhudm ax

pb(t( +:
˜

�M
˜

∫
{∇t{1 ˜ Tb(w(t

1
(

cw) �1-04(

vhsg
Tb(w( +: 0• ot o•0

b (wM ( ∈ I∞(NM
˜(, �1-05(

@r vd rgnv hm sgd enkknvhmf kdll]) pb hr onrhshud cd’mhsd nm G0
/ (NM
˜(-

Oqnonrhshnm 1-2 Vd gXud

)pb +: hme
t∈G0

/

�
�M
˜

(
[]/|

pb(t(

∇t∇1 < /, �1-06(

PakTpi 1�3 �]( Qdb]kk sg]s vd ]qd trhmf sgd rgnqsdmdc mns]shnm ∇t∇1 :
)
�M
˜

�
{∇t{1˜

{t{1
(
cw -

�a( Eqnl Oqnonrhshnm 1-2 hs enkknvr sg]s (pb(±((0.1 hr ]m dpthu]kdms mnql sn ∇ ± ∇ hm
G0

/ (NM
˜(-

Lpnne ne 5akkT 1�1 Rhmbd Tb ∈ I∞(NM
˜() hs rte’bdr sn rgnv sgdqd dwhrsr B < / rtbg

sg]s
pb(t( ≥ B∇t∇1

I1(�M
˜ (

enq ]kk t ∈ G0
/

∫
NM
˜

(
, �1-07(

Hmcddc) he �1-07( gnkcr) sgdm enq δ ∈ (/) 0( vd g]ud

pb(t( ≥ δpb(t(˜ (0• δ(B∇t∇1
I1

�
�M
˜

( ≥ δ∇t∇1 ˜ Z(0• δ(B

•δ
∫
0˜ ∇Tb∇I∞�

�M
˜

(
([

∇t∇1
I1

�
�M
˜

(,

Bgnnrhmf δ rte’bhdmskx rl]kk) vd g]ud (0 • δ(B • δ
�
0 ˜ ∇Tb∇I∞(�M

˜ (
(

≥ / ]mc
sgdqdenqd �1-06( gnkcr vhsg )pb ≥ δ-
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Sn rgnv �1-07() vd ’qrs bnmrhcdq sgd b]rd M : 0- @qfthmf ax bnmsq]chbshnm) vd ]rrtld
sg]s

λ +: hme
}
pb(t( + t ∈ G0

/ (N˜( ]mc ∇t∇I1(�˜( : 0
{

≤ /)

�mnsd sg]s λ < •∞ rhmbd Tb ∈ I∞(N˜((- Sgdm) sgdqd dwhrsr ] rdptdmbd (tm(m rtbg
sg]s ∇tm∇I1(�˜( : 0 enq ]kk m ∈ ! ]mc pb(tm( � λ ]r m � ∞- Gdmbd) (tm(m hr ]
antmcdc rdptdmbd hm G0

/ (N˜() ]mc sgtr tmεt∗ vd]jkx hm G0
/ (N˜( ]esdq o]rrhmf sn ]

rtardptdmbd- Lnqdnudq) vhsg >m +: tm•t∗) vd g]ud >mε/ hm G0
/ (N˜( ]mc sgdqdenqd

>m � / hm I1
knb(N˜(- Rhmbd Tb(s(� 0 ]r s �∞) sghr hlokhdr sg]s

pb (>m( ≥
˜

�˜
Tb(s(>

1
m cs ≥ ∇>m∇1

I1(�˜( ˜ n(0() ]r m�∞)

]mc sgdqdenqd

λ˜ n(0( : pb(tm( : pb(t∗(˜ pb(>m(˜ n(0(

≥ λ∇t∗∇1
I1(�˜( ˜ ∇>m∇1

I1(�˜( ˜ n(0(

: λ
∫
∇t∗∇1

I1(�˜( ˜ ∇>m∇1
I1(�˜(

(

˜ (0• λ(∇>m∇1
I1(�˜( ˜ n(0(

: λ˜ (0• λ(∇>m∇1
I1(�˜( ˜ n(0(

Hs sgtr enkknvr sg]s >m � / hm I1(N˜( ]mc gdmbd tm � t∗ hm I1(N˜() vghbg xhdkcr
sg]s ∇t∗∇I1 : 0- Lnqdnudq) ax vd]j knvdq rdlhbnmshmthsx ne pb ]mc sgd cd’mhshnm
ne λ) hs enkknvr sg]s pb(t∗( : λ) rn t∗ hr ] bnmrsq]hmdc lhmhlhydq enq pb- @ rs]mc]qc
]qftldms �a]rdc nm qdok]bhmf t∗ ax {t∗{( rgnvr sg]s t∗ ∈ G0

/ (N˜( hr ] onrhshud nq
mdf]shud rnktshnm ne

•t∞∞
∗ ˜ Tb(s(t∗ : λt∗ hmN˜) t∗(/( : /,

Vhsgnts knrr ne fdmdq]khsx) vd l]x ]rrtld sg]s t∗ hr onrhshud) vghbg hlokhdr sg]s
t∞

∗(/( < /- Vd ]krn qdb]kk sg]s v∗ +: •t∞
b r]shr’dr

•v∞∞
∗ ˜ Tb(s(v∗ : / hmN˜) v∗ < / hmN˜,

Bnmrdptdmskx) vd g]ud

/ ≤ •λ

˜

�˜
v∗t∗ cw :

˜

�˜

�
v∗t∞∞

∗ • t∗v∞∞
∗
(

cw : •v∗(/(t∞
∗(/( / /)

] bnmsq]chbshnm- Gdmbd) vd bnmbktcd sg]s �1-07( gnkcr hm sgd b]rd M : 0- Sn rgnv
�1-07( enq fdmdq]k M ≥ 1) vd qdl]qj sg]s) ax cdmrhsx) vd nmkx g]ud sn rgnv hs enq
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t ∈ B∞
b (NM

˜(- Enq ]mx rtbg etmbshnm vd sgdm g]ud) vqhshmf w : (w ∞) s( ∈ NM
˜ vhsg

w ∞ ∈ NM•0) s < /9

pb(t( ≥
˜

�M
˜

∫
{∂s t{1 ˜ Tbt

1
(

cw

:
˜

�M•0

˜

�˜

∫
{∂s t(w ∞) s({1 ˜ Tbt

1(w ∞) s(
(

cscw ∞

≥ B
˜

�M•0

˜

�˜
t1(w ∞) s( cscw ∞ : B∇t∇1

I1
�
�M
˜

(,

Gdqd vd g]ud trdc sgd qdrtks hm sgd b]rd M : 0 ]mc sgd e]bs sg]s t(w ∞) ±( ∈ B∞
b (N˜( ⊂

G0
/ (N˜( enq dudqx w ∞ ∈ NM•0- Vd sgtr g]ud oqnudc �1-07( enq fdmdq]k M ≥ 0) ]mc

sgd oqnne hr bnlokdsd- ‖0

G]uhmf ]s g]mc Oqnonrhshnm 1-2) vd oqnud ] knvdq drshl]sd nm sgd etmbshnm]k D
fhudm hm �0-04( sg]s vhkk ad trdetk ]s rdudq]k onhmsr adknv-

AnqnkkTqw 1-3 Vd gXud

D(t( ≥ )pb

1
∇t∇1 • B0)o

o ˜ 0
∇t∇o˜0

I o˜0(�M
˜ (
• 0]o<1|

B1)o

2
∇t∇2

I2(�M
˜ (

enq Xkk t ∈ G0
/ (NM
˜(,

vhsg )pb fhudm hm �1-06( Xmc B0)o)B1)o fhudm hm IdllX 1-1 �h(-

Lpnne Enq ]kk t ∈ G0
/ (NM
˜() vd g]ud) ax �1-4( ]mc Oqnonrhshnm 1-2)

D(t( : 0

1
∇t∇1 •

˜

�M
˜

F(w) t(cw

≥ 0

1
∇t∇1 • 0

1

˜

�M
˜

ot o•0
b

�
t˜

(1
cw • B0)o

o ˜ 0
∇t˜∇o˜0

I o˜0(�M
˜ (
• 0]o<1|

B1)o

2
∇t˜∇2

I2(�M
˜ (

≥ 0

1
pb(t(•

B0)o

o ˜ 0
∇t∇o˜0

I o˜0(�M
˜ (
• 0]o<1|

B1)o

2
∇t∇2

I2(�M
˜ (

≥ )pb

1
∇t∇1 • B0)o

o ˜ 0
∇t∇o˜0

I o˜0(�M
˜ (
• 0]o<1|

B1)o

2
∇t∇2

I2(�M
˜ (
,

‖0

2 IntmsThm�oTrr fdnldsqx Tmc antmcdcmdrr ne sgd AdqTlh
rdptdmbdr

Sghr rdbshnm hr cdunsdc sn rgnv sg]s sgd etmbshnm]k D g]r ] Lntms]hm,o]rr fdnldsqx
]mc sg]s) enq ]mx c ∈ N) sgd Bdq]lh rdptdmbdr enq D ]mc kdudk c ]qd antmcdc- Vd
jddo trhmf sgd mns]shnm ne sgd hmsqnctbshnm ]mc ne Rdbs- 1) vghbg cdodmcr nm sgd ’wdc
pt]mshshdr b ∈ (/) bo( ]mc o ∈ (0) 1∗ • 0(- Vd adfhm ax oqnuhmf sg]s sgd etmbshnm]k D
g]r hmcddc ] Lntms]hm,o]rr fdnldsqx-
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FdllT 2-. Sgd etmbshnmXk D gXr sgd enkknvhmf oqnodqshdr-

�h( D(/( : /-
�hh( Sgdqd dwhrs ρ/ < / Xmc δ/ < / rtbg sgXs D(t( ≥ δ/ enq Xkk t ∈ G0

/ (NM
˜( rtbg

sgXs ∇t∇ : ρ/-
�hhh( Sgdqd dwhrsr ψ ∈ G0

/ (NM
˜( rtbg sgXs ∇ψ∇ < ρ/ Xmc D(ψ( / /-

Lpnne Rhmbd �h( hr nauhntr) vd bnmbdmsq]sd nm oqnuhmf �hh( ]mc �hhh(- Vd ’qrs oqnud �hh(-
Kds t ∈ G0

/ (NM
˜( vhsg ∇t∇ : ρ/- Ax Bnqnkk]qx 1-3) vd g]ud

D(t( ≥ )pb

1
ρ1

/ •
B0)o

o ˜ 0
∇t∇o˜0

I o˜0(�M
˜ (
• 0]o<1|

B1)o

2
∇t∇2

I2(�M
˜ (
,

@ookxhmf sgdm Rnankdu dladcchmfr) vd cdctbd sg]s

D(t( ≥ )pb

1
ρ1

/ • B
∫
ρ

o˜0
/ ˜ 0]o<1|ρ2

/

(
)

vhsg ] bnmrs]ms B < /- Rhmbd o < 0) Bk]hl �hh( enkknvr ax s]jhmf ρ/ rte’bhdmskx
rl]kk- Hs sgdm qdl]hmr sn oqnud �hhh(- Kds ϕ ∈ B∞

b (NM
˜( vhsg ϕ � / ]mc ψ +: sϕ vhsg

s ∈ (/)˜∞(- Chqdbskx nardqud sg]s

D(ψ( : s1

1
∇ϕ∇1 ˜ s

˜

�M
˜

t o
b ϕcw • 0

o ˜ 0

˜

�M
˜

∫
(tb ˜ sϕ(o˜0 • t o˜0

b

(
cw

Sgdm) rhmbd

˜

�M
˜

∫
(tb ˜ sϕ(o˜0 • t o˜0

b

(
cw ≥ s o˜0∇ϕ∇o˜0

I o˜0(�M
˜ (
)

vd g]ud sg]s

D(ψ( ≤ s1

1
∇ϕ∇1 ˜ sbo∇ϕ∇I0(�M

˜ (
• s o˜0

o ˜ 0
∇ϕ∇o˜0

I o˜0(�M
˜ (
,

Bk]hl �hhh( enkknvr s]jhmf s rte’bhdmskx k]qfd ]mc sgtr sgd oqnne hr bnlokdsd- ‖0
Vd mnv oqnud sgd antmcdcmdrr ne Bdq]lh rdptdmbdr ne sgd etmbshnm]k D -

Oqnonrhshnm 2-1 BdqXlh rdptdmbdr enq D Xs Xmx kdudk c ∈ N Xqd antmcdc-

PakTpi 2�. �]( Qdb]kk sg]s (ϕm(m ⊂ G0
/ (NM
˜( hr ] Bdq]lh rdptdmbd enq D ]s kdudk

c ∈ N he

D(ϕm(� c ]mc (0˜ ∇ϕm∇( ∇D ∞(ϕm(∇G•0(�M
˜ (
� /,

�a( Sgd oqnne ne Oqnonrhshnm 2-1 hr hmrohqdc ax Z10) Rdbs- 2[- Gnvdudq) rhmbd ntq
oqnakdl hr mns hmu]qh]ms tmcdq sq]mrk]shnmr hm NM ]mc ntq mnmkhmd]qhsx f g]r ]
mnm,rs]mc]qc rg]od) rdudq]k che’btkshdr ]ood]q-
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Lpnne ne Lpnonrhshnm 2�1 Kds c ∈ N ad ]m ]qahsq]qx ats ’wdc bnmrs]ms ]mc kds (tm(m ⊂
G0

/ (NM
˜( ad ] Bdq]lh rdptdmbd enq D ]s kdudk c ∈ N- Ehqrs ne ]kk) nardqud sg]s

∇t•m ∇1 : •⊂D ∞(tm() t
•
m 〈� /) ]r m�∞,

Hm o]qshbtk]q) vd cdctbd sg]s (t•m (m hr antmcdc- Hs sgdm qdl]hmr sn oqnud sg]s (t˜m (m hr
antmcdc- Vd ]rrtld ax bnmsq]chbshnm sg]s ∇tm∇ � ∞ ]mc vd rds >m +: tm . ∇tm∇
enq ]kk m ∈ !- Rhmbd (>m(m ]mc (t•m (m ]qd antmcdc) to sn ] rtardptdmbd he mdbdrr]qx)
vd g]ud

>mε> hm G0
/ (NM
˜() >m � > hm Ip

knb(N
M
˜( enq 0 ≤ p / 1∗ ]mc >m � > ]-d- hmNM

˜ )
�2-0(

enq rnld > ∈ G0
/ (NM
˜( vhsg > ≥ /- Vd g]ud mnv svn onrrhakd b]rdr9

:Vpa 0 �SVihpghie(9 Enq ]kk P < /) hs enkknvr sg]s

khl
m�∞ rto

x∈�M
˜

˜

AP(x(∩�M
˜
>1
mcw : /, �2-1(

:Vpa 1 �Cni)tVihpghie(9 Sgdqd dwhrs P < /) δ < / ]mc ] rdptdmbd ne onhmsr (xm(m ⊂
NM
˜ rtbg sg]s

khl
m�∞

˜

AP(xm(∩�M
˜
>1
mcw ≥ δ, �2-2(

Vd rg]kk oqnud sg]s mnmd ne sgdrd b]rdr l]x g]oodm- Sghr vhkk oqnud sgd antmcdcmdrr
ne sgd rdptdmbd Bdq]lh rdptdmbd (tm(m -

:Vpa 0 �SVihpghie(9 Ehqrs ne ]kk) nardqud sg]s) ax �2-1( ]mc Khnmr– Kdll] Z14) Kdll]

H-0[) >m � / hm Ip(NM
˜( enq ]kk 1 / p / 1∗) ]mc rn) ax tmhptdmdrr ne sgd khlhs vd g]ud

> ≡ /- Vd cd’md sgdm sgd rdptdmbd (ym(m ⊂ G0
/ (NM
˜( ax ym +: smtm vhsg sm ∈ =/) 0\

r]shrexhmf

D(ym( : l]w
s∈=/)0\

D(stm()

�he) enq m ∈ !) sm hr mns tmhptd) vd bgnnrd sgd rl]kkdrs u]ktd( ]mc vd rokhs sgd oqnne
hm sgd u]mhrghmf b]rd �B]rd 0( hmsn sgqdd rsdor-
Nsao 0-09 khlm�∞ D(ym( : ˜∞-

Vd ]qftd ax bnmsq]chbshnm- Rtoonrd sgdqd dwhrsr L / ˜∞ rtbg sg]s

khl hme
m�∞ D(ym( ≤ L)

]mc cd’md (im(m ⊂ G0
/ (NM
˜( ]r

im +:
[

3L

)pb

( 0
1

>m :
[

3L

)pb

( 0
1 0

∇tm∇
tm) enq ]kk m ∈ !)
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vgdqd )pb < / hr sgd bnmrs]ms fhudm ax Oqnonrhshnm 1-2- Ehqrs) nardqud sg]s

imε/ hm G0
/ (NM
˜() im � / hm Ip(NM

˜() enq 1 / p / 1∗) ]mc im � / ]-d- hm NM
˜ ,
�2-3(

Sgdm) ax Bnqnkk]qx 1-3 ]mc �2-3() vd nas]hm sg]s

D(im( ≥ )pb

1
∇im∇1 • B

[
∇im∇o˜0

I o˜0(�M
˜ (
˜ 0]o<1|∇im∇2

I2(�M
˜ (

(
: 1L ˜ n(0(, �2-4(

S]jhmf L ahffdq he mdbdrr]qx) vd g]ud sg]s) enq ]kk m ∈ ! k]qfd dmntfg)

D(im( <
2

1
L ,

Nm sgd nsgdq g]mc) nardqud sg]s) enq m ∈ ! k]qfd dmntfg)
∫

3L
)pb

( 0
1 0

∇tm∇ ∈ =/) 0\,Gdmbd)

vd g]ud sg]s

2

1
L ≤ khl hme

m�∞ D (im( ≤ khl hme
m�∞ D (ym( ≤ L)

vghbg hr ] bnmsq]chbshnm- Sgtr) sgd Rsdo 0-0 enkknvr-

Nsao 1-09 ⊂D ∞(ym() ym〈 : / enq Xkk m ∈ ! kXqfd dmntfg-

Ax Rsdo 0-0 vd jmnv sg]s D(ym(�∞ ]r m�∞- Nm sgd nsgdq g]mc) D(/( : / ]mc
D(tm( � c ]r m � ∞- Gdmbd) enq m ∈ ! k]qfd dmntfg) sm ∈ (/) 0( ]mc rn) ax sgd
cd’mhshnm ne ym ) sgd Rsdo 1-0 enkknvr-
Nsao 2-09 Bnmbktrhnm :Vpa 0-

Nardqud sg]s) ax Rsdo 1-0) enq ]kk m ∈ ! k]qfd dmntfg)

D (ym( : D (ym(•
0

1
⊂D ∞ (ym( ) ym〈 :

˜

�M
˜

G (w) ym( cw)

vgdqd G hr fhudm hm Kdll] 1-1 �hh(- Ax Rsdo 0-0) vd g]ud sg]s

khl
m�∞

˜

�M
˜

G (w) ym( cw : ˜∞, �2-5(

Nm sgd nsgdq g]mc) rhmbd (tm(m hr ] Bdq]lh rdptdmbd)

c ˜ n(0( : D(tm(•
0

1
⊂D ∞(tm() tm〈 :

˜

�M
˜

G (w) tm( cw ,
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Sgdm) trhmf sgd cd’mhshnm ne ym ]mc sgd e]bs sg]s G(w) r( hr mnm,cdbqd]rhmf hm r ax
Kdll] 1-1 �hh() vd nas]hm

˜

�M
˜

G (w) ym( cw ≤
˜

�M
˜

G (w) tm( cw : c ˜ n(0()

vghbg bkd]qkx bnmsq]chbsr �2-5(- Gdmbd) B]rd 0 �u]mhrghmf( b]mmns g]oodm-
:Vpa 1 �Cni)tVihpghie(9 Vd rokhs sgd oqnne hmsn svn rsdor-

Nsao 0-19 Sgdqd dwhrsr L < / rtbg sgXs xm
M +: chrs(xm) ∂NM

˜( ≤ L enq Xkk m ∈ !-

Vd ]rrtld ax bnmsq]chbshnm sg]s xm
M �˜∞ ]r m�˜∞- Sgdm) enq ]kk m ∈ !) vd

hmsqnctbd vm +: >m(± ˜ xm( ]mc nardqud sg]s

vmεv hm G0(NM () vm � v hm Ip
knb(N

M ( enq 0 ≤ p / 1∗) ]mc vm � v ]-d- hm NM )

�2-6(
enq rnld v ∈ G0(NM ( vhsg v 〉≡ / �ax �2-2(( ]mc v ≥ /- Mnv) nardqud sg]s) rhmbd
(tm(m hr ] Bdq]lh rdptdmbd) Kdll] 1-1 �hh( hlokhdr sg]s

n(0( : 0

∇tm∇o˜0

[
D (tm(•

0

1
⊂D ∞ (tm( ) tm〈

(

: 0

∇tm∇o˜0

˜

�M
˜

G (w) tm(w(( cw

≥ 0

∇tm∇o˜0

{
o • 0

1(o ˜ 0(
∇t˜m ∇o˜0

I o˜0(�M
˜ (

•
˜

�M
˜

∫
t o•0

b (w(C0)o
]
t˜m

[1 ˜ tb(w( 0]o<1|C1)o
]
t˜m

[o
(

cw

[

≥ 0

∇tm∇o˜0

{
o • 0

1(o ˜ 0(
∇t˜m ∇o˜0

I o˜0(�M
˜ (

•l]w]bo
o•0) bo|

[
C0)o∇t˜m ∇1

I1(�M
˜ (
˜ 0]o<1|C1)o∇t˜m ∇o

I o(�M
˜ (

()

≥ o • 0

1(o ˜ 0(
∇>˜m ∇o˜0

I o˜0(�M
˜ (

• B

∇tm∇o˜0

∫
∇tm∇1 ˜ 0]o<1|∇tm∇o

(
≥ o • 0

1(o ˜ 0(
∇>˜m ∇o˜0

I o˜0(�M
˜ (
˜ n(0()

vgdqd B < / hr ] bnmrs]ms hmcdodmcdms ne m- Gdqd vd ]krn trdc Rnankdu dladcchmfr
]mc sgd e]bs sg]s ∇tm∇� ∞ ]r m � ∞- Rhmbd o < 0) vd sgtr bnmbktcd ax E]snt–r
Kdll] sg]s

/ : khl
m�∞ ∇>˜m ∇o˜0

I o˜0(�M
˜ (
: khl hme

m�∞

˜

]wM ≥•xm
M |

(v˜m (
o˜0cw ≥

˜

�M
(v˜(ocw ,

Gdmbd v : v˜ ≡ /) vghbg bkd]qkx hr ] bnmsq]chbshnm- Sgtr) Rsdo 0-1 enkknvr-
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Nsao 1-19 Bnmbktrhnm :Vpa 1-

Ax Rsdo 0-1 vd jmnv sgdqd dwhrsr L < / rtbg sg]s xm
M ≤ L enq ]kk m ∈ !- Vd sgdm

cd’md) enq ]kk m ∈ !) )vm +: >m(± ˜ ξm() vgdqd ξm : (xm
0 ) , , , ) x

m
M•0) /(- @f]hm ax

�2-2() vd g]ud

)vmε)v hm G0
/ (NM
˜() )vm � )v hm Ip

knb(N
M
˜( enq 0 ≤ p / 1∗) ]mc

)vm � )v ]-d- hm NM
˜ ) �2-7(

enq rnld )v ∈ G0
/ (NM
˜( vhsg )v 〉≡ / ]mc )v ≥ /- Enq m ∈ !) kds ϕm +: )v(± • ξm( ∈

G0
/ (NM
˜(- Rhmbd (tm(m hr ] Bdq]lh rdptdmbd vhsg ∇tm∇�∞ ]r m�∞) vd g]ud

n(0( : ⊂D ∞(tm()ϕm〈
∇tm∇

: 0

∇tm∇

˜

�M
˜

(∇tm∇ϕm ˜ tmϕm • f(w) tm(ϕm( cw

:
˜

�M
˜

�
∇>m∇ϕm ˜ >mϕm

(
cw

•
˜

�M
˜

[
(tb ˜ t˜m (

o • t o
b

∇tm∇

(
ϕmcw

:
˜

�M
˜

(∇)vm∇)v ˜ )vm)v( cw

•
˜

�M
˜

[
(tb ˜ ∇tm∇)v˜m (o • t o

b

∇tm∇

(
)vcw

: ∇)v∇1 ˜ n(0(•
˜

�M
˜

∫ (tb ˜ ∇tm∇)v˜m (o • t o
b

∇tm∇
(

)vcw ,

Nm sgd nsgdq g]mc) rhmbd o < 0) vd g]ud sg]s

khl hme
m�∞

�
tb ˜ ∇tm∇)v˜m

(o • t o
b

∇tm∇)vm̃
)v˜m )v : ˜∞) ]-d- hm ])v < /|

]mc sgdqdenqd) rhmbd )v ≥ / ]mc )v 〉≡ /)

khl hme
m�∞

˜

�M
˜

]�
tb ˜ t˜m (± ˜ ξm(

(o • t o
b

∇tm∇

√

)vcw

: khl hme
m�∞

˜

])v</|

]�
tb ˜ t˜m (± ˜ ξm(

(o • t o
b

∇tm∇

√

)vcw : ˜∞

ax E]snt–r Kdll]- Sghr xhdkcr ] bnmsq]chbshnm- Gdmbd) B]rd 1 �mnm,u]mhrghmf( b]mmns
g]oodm dhsgdq ]mc sgtr sgd qdrtks enkknvr- ‖0
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FdllT 2-2 Ids (tm(m ad X BdqXlh rdptdmbd enq D Xs kdudk c ∈ N[]/|- Sgdm) sgdqd
dwhrs P < /) δ < / Xmc X rdptdmbd ne onhmsr (xm(m ⊂ NM

˜ rtbg sgXs

khl hme
m�∞

˜

AP(xm(∩�M
˜

t1
m cw ≥ δ,

Lpnne Vd ]rrtld ax bnmsq]chbshnm sg]s) enq ]kk P < /)

khl hme
m�∞ rto

x∈�M
˜

˜

AP(x(∩�M
˜

t1
mcw : /,

Sgdm) ax Khnmr– Z14) Kdll] H-0[) vd g]ud sg]s tm � / hm Ip(NM
˜( enq ]kk 1 / p / 1∗-

Mnv) rhmbd (tm(m hr ] Bdq]lh rdptdmbd) trhmf Kdll] 1-1 �h() vd fds

n(0( : ⊂D ∞(tm() tm〈 : ∇tm∇1 •
˜

�M
˜

f(w) tm(w((tm cw

≥ ∇tm∇1 •
˜

�M
˜

ot o•0
b (t˜m (

1cw • B0)o∇t˜m ∇o˜0
I o˜0(�M

˜ (
• 0]o<1|B1)o∇t˜m ∇2

I2(�M
˜ (

≥ pb(tm(• B0)o∇tm∇o˜0
I o˜0(�M

˜ (
• 0]o<1|B1)o∇tm∇2

I2(�M
˜ (

≥ )pb∇tm∇1 • B0)o∇tm∇o˜0
I o˜0(�M

˜ (
• 0]o<1|B1)o∇tm∇2

I2(�M
˜ (
,

Gdmbd) rhmbd tm � / hm Ip(NM
˜( enq ]kk 1 / p / 1∗) vd cdctbd sg]s ∇tm∇ � /-

Rhmbd D hr bnmshmtntr) sghr hlokhdr sg]s D(tm( � / ]r m � ∞) bnmsq]chbshmf ntq
]rrtloshnm sg]s c 〉: /- Sgd oqnne hr ’mhrgdc-

3 Cmdqfx drshlTsdr

Vd jddo trhmf sgd mns]shnm ne sgd hmsqnctbshnm ]mc ne Rdbs- 1) vghbg cdodmcr nm sgd
’wdc pt]mshshdr b ∈ (/) bo( ]mc o ∈ (0) 1∗ • 0(- Lnqdnudq) vd vhkk ]rrtld M ≥ 1
sgqntfgnts sghr rdbshnm) vghbg vhkk ad ne jdx hlonqs]mbd hm nqcdq sn cdqhud sgd dmdqfx
drshl]sdr vd mddc- Sgd lntms]hm o]rr u]ktd ]rrnbh]sdc sn �0-03( hr fhudm ax

a +: hme
γ∈γ

l]w
s∈=/)0\

D(γ (s(() �3-0(

vgdqd

γ +:
}
γ ∈ B

∫
=/) 0\) G0

/ (NM
˜(

(
+ γ (/( : /) D(γ (0(( / /

{
,

Vd mnsd sg]s a < / ax Kdll] 2-0- Vd ]krn mnsd sg]s sgd etmbshnm]k D �fhudm hm �0-04((
b]m ad vqhssdm ]r
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D(t( : D˜∞(t(

• 0

o ˜ 0

˜

�M
˜

∫�
tb ˜ t˜

(o˜0 • t o˜0
b •

�
t˜

(o˜0 • (o ˜ 0(t o
b t˜

(
cw) �3-1(

vgdqd D˜∞ + G0
/ (NM
˜(� N hr fhudm ax

D˜∞(t( : 0

1
∇t∇1 • 0

o ˜ 0

˜

�M
˜

�
t˜

(o˜0
cw ,

Mnv) vd hmsqnctbd sgd ]twhkh]qx �khlhs( oqnakdl

•�t ˜ t : {t{o•0t) t ∈ G0(NM () �3-2(

]mc hsr ]rrnbh]sdc dmdqfx D∞ + G0(NM (� N fhudm ax

D∞(t( : 0

1

˜

�M

∫
{∇t{1 ˜ t1

(
cw • 0

o ˜ 0

˜

�M
{t{ o˜0cw , �3-3(

@krn) vd cd’md

a∞ +: hme
�∞

D∞) vgdqd �∞ +:
}
t ∈ G0(NM ([]/| + D ∞

∞(t( : /
{
, �3-4(

@bbnqchmf sn Z7) Sgdnqdl 0[) Z5) Sgd̀nqďld 0[ ]mc Z05) Sgdnqdl 1[) sgdqd dwhrsr ]
fqntmc,rs]sd rnktshnm ψ ∈ B1(NM ( sn �3-2( vghbg hr onrhshud) q]ch]kkx rxlldsqhb) ]mc
rtbg sg]s

ψ(w( ≤ BFR{w {•
M•0

1 d•{w { ]mc {∇ψ(w({ ≤ BFR{w {•
M•0

1 d•{w {) ]r {w { �∞)
�3-5(

enq rnld BFR < / cdodmchmf nmkx nm M ]mc o- Lnqdnudq)

ψ hr rsqhbskx cdbqd]rhmf hm sgd q]ch]k u]qh]akd- �3-6(

Kds tr ]krn dlog]rhyd sg]s

/ / a∞ : D∞(ψ( :
[

0

1
• 0

o ˜ 0

(
∇ψ∇o˜0

I o˜0(�M (
: o • 0

1(o ˜ 0(
∇ψ∇o˜0

I o˜0(�M (

: o • 0

1(o ˜ 0(
hme

t∈�∞
∇t∇o˜0

I o˜0(�M (
, �3-7(

Sgd ]hl ne sghr rdbshnm hr sn rgnv) a]rdc nm sgd ]rrtloshnm M ≥ 1) sg]s

a / a∞, �3-8(
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Sghr rsqhbs hmdpt]khsx vhkk ad bqtbh]k sn oqnud sgd dwhrsdmbd qdrtks sn �0-03( bnms]hmdc
hm Rdbs- 4- Sn sghr dmc) kds tr qdb]kk sg]s tb(w( ∼ d•wM ]r wM � ∞- Lnqd oqdbhrdkx)
hs enkknvr eqnl �0-5( ]mc sgd cd’mhshnm ne tb sg]s

lb)0 d•wM ≤ tb(w( ≤ lb)1 d•wM ) enq w ∈ NM
˜ ) vhsg

lb)0 +: bod
•sb)o ) lb)1 +: bo1

1
o•0 d•sb)o , �3-0/(

Lnqdnudq) enq q < /) vd hmsqnctbd sgd etmbshnm

w ≤� ψq (w( +: (ψ (w • qdM (• εq (
˜ )

vgdqd dM : (/) , , , ) /) 0( hr sgd M ,sg bnnqchm]sd udbsnq ]mc εq < / hr tmhptdkx cd’mdc
ax �3-6( ]mc sgd oqnodqsx sg]s

ψ < εq hm Aq (/( ]mc ψ ≤ εq hmNM[Aq (/(,

Vd mnsd sg]s) ]r ] bnmrdptdmbd ne �3-5() vd g]ud

εq ≤ BFRq
• M•0

1 d•q �3-00(

Vd ]krn mnsd sg]s ψq ∈ G0
/ (NM
˜( enq dudqx q ≥ /-

Sgd qdrs ne sgd rdbshnm hr cdunsdc sn oqnud sgd enkknvhmf qdrtks eqnl vghbg �3-8(
hlldch]sdkx enkknvr-

Oqnonrhshnm 3-. Sgdqd dwhrsr P < / Xmc i < / vhsg sgd enkknvhmf oqnodqshdr2

�h( D(sψq ( / a∞ enq Xkk q ≥ P) s ∈ =/) i\-
�hh( D(iψq ( / / enq Xkk q ≥ P-

Vd rokhs sgd oqnne ne sghr oqnonrhshnm hmsn rdudq]k kdll]r-

FdllT 3-1 Sgdqd dwhrsr B0 < / vhsg

D˜∞(sψq ( ≤ a∞ ˜ B0d
•q q•

M•0
1 s o˜0 enq Xkk s) q < /, �3-01(

Lpnne Kds s) q < /- Chqdbskx nardqud sg]s) ax sgd cd’mhshnm ne ψq )

D˜∞ (sψq ( :
s1

1
∇ψq∇1 • s o˜0

o ˜ 0

˜

�M
˜

ψ
o˜0
q cw

: s1

1

˜

Aq (/(

∫
{∇ψ {1 ˜ (ψ • εq (

1
(

cw • s o˜0

o ˜ 0

˜

Aq (/(
(ψ • εq (

o˜0 cw ,

�3-02(

�12



273 :- F- Ddqm©mcdy) S- Tdsg

Nm sgd nsgdq g]mc) rhmbd ψ hr ] rnktshnm sn �3-2( ]mc (ψ • εq (
˜ ∈ G0(NM () trhmf

(ψ • εq (
˜ ]r sdrs etmbshnm hm �3-2() vd nas]hm sg]s

˜

Aq (/(
{∇ψ {1cw :

˜

�M
∇ψ∇ (ψ • εq (

˜ cw

:
˜

�M

�
•ψ (ψ • εq (

˜ ˜ ψ o (ψ • εq (
˜(

cw

:
˜

Aq (/(

�
•ψ(ψ • εq (˜ ψ o(ψ • εq (

(
cw ,

Rtarshstshmf sgd ]anud hcdmshsx hmsn �3-02( ]mc trhmf sgd ld]m u]ktd sgdnqdl) vd ’mc
sg]s

D˜∞ (sψq ( :
s1

1

˜

Aq (/(

∫
•ψ (ψ • εq (˜ ψ o (ψ • εq (˜ (ψ • εq (

1
(

cw

• s o˜0

o ˜ 0

˜

Aq (/(
(ψ • εq (

o˜0 cw

: •εq s1

1

˜

Aq (/(
(ψ • εq ( cw

˜ 0

o ˜ 0

˜

Aq (/(
(ψ • εq (

{
o ˜ 0

1
s1ψ o • s o˜0 (ψ • εq (

o
)

cw

≤ 0

o ˜ 0

˜

Aq (/(
(ψ • εq (

{
o ˜ 0

1
s1ψ o • s o˜0(ψ • εq (

o
)

cw

: 0

o ˜ 0

[
o ˜ 0

1
s1 • s o˜0

(˜

Aq (/(
(ψ • εq (ψ

ocw

˜ s o˜0

o ˜ 0

˜

Aq (/(
(ψ • εq (

]
ψ o • (ψ • εq (

o[ cw

≤ o • 0

1(o ˜ 0(

˜

Aq (/(
(ψ • εq (ψ

ocw ˜ εq o s o˜0

o ˜ 0

˜

Aq (/(
(ψ • εq (ψ

o•0cw

≤ o • 0

1(o ˜ 0(

˜

�M
ψ o˜0cw ˜ εq o s o˜0

o ˜ 0

˜

�M
(ψ • εq (

˜ ψ o•0cw ,

Trhmf �3-7( ]mc �3-00() vd cdctbd sg]s

D˜∞ (sψq ( ≤ a∞ ˜
εq o s o˜0

o ˜ 0

˜

�M
(ψ • εq (

˜ ψ o•0cw ≤ a∞

˜ o

o ˜ 0
BFRq

• M•0
1 d•q s o˜0

˜

�M
ψ ocw ,

Gdmbd �3-01( gnkcr vhsg B0 : oBFR
o˜0

)
�M ψ ocw - ‖0
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FdllT 3-2 Sgdqd dwhrsr P∞ ≥ 0 Xmc B1 < / vhsg

D˜∞ (sψq (• D (sψq ( ≥ B1d
•q s o enq Xkk s < /) q ≥ P∞, �3-03(

Lpnne Kds s < / ad ]qahsq]qx ats ’wdc- Trhmf Kdll] 1-0 vhsg p : o˜0) κ +: κp < /)
sgd hcdmshsx �3-1() sgd knvdq antmc hm �3-0/( ]mc sgd ld]m u]ktd sgdnqdl) vd cdctbd
sg]s) enq ]kk q ≥ 0)

D˜∞ (sψq (• D (sψq ( :
0

o ˜ 0

˜

�M
˜

∫
(tb ˜ sψq (

o˜0 • t o˜0
b

• (sψq (
o˜0 • (o ˜ 0(t o

b sψq

(
cw ≥ κs o

˜

�M
˜

tbψ
o
q cw

: κs o
˜

�M
˜

tb
�
(ψ (± • qdM (• εq (

˜(o
cw

: κs o
˜

Aq (/(
tb (± ˜ qdM ( (ψ • εq (

o cw

≥ κs o
˜

Aq (/(
tb (± ˜ qdM (

∫
ψ o • εq oψ o•0

(
cw

≥ κs o
[˜

A•q (/(
tb (± ˜ qdM (ψ

ocw • εq obo

˜

�M
ψ o•0cw

(

≥ κs o
[

lb)0d
•q

˜

A •q (/(
ψ ocw

•oboBFRq
• M•0

1 d•q
˜

�M
ψ o•0cw

(

≥ κs od•q
[

lb)0

1

˜

Aq (/(
ψ ocw • oboBFRq

• M•0
1

˜

�M
ψ o•0cw

(

≥ κs od•q
[

lb)0

1

˜

A0(/(
ψ ocw • oboBFRq

• M•0
1

˜

�M
ψ o•0cw

(

vgdqd vd g]ud rds A •q (/( +: ]w ∈ Aq (/( + wM ≤ /|- Rhmbd M ≥ 1) vd l]x bgnnrd
P∞ ≥ 0 rte’bhdmskx k]qfd sn ft]q]msdd sg]s

oboBFRq
• M•0

1

˜

�M
ψ o•0cw ≤ lb)0

3

˜

A0(/(
ψ ocw) enq q ≥ P∞)

]mc sgdqdenqd

D˜∞(sψq (• D(sψq ( ≥ B1d
•q s o) enq q ≥ P∞) vhsg B1 +:

κlb)0

3

˜

A0(/(
ψ ocw ,

Gdmbd sgd bk]hl enkknvr- ‖0
FdllT 3-3 Ids P∞ ≥ 0 ad fhudm Xr hm IdllX 3-2- Sgdm sgdqd dwhrs i < / vhsg
D(iψq ( / / enq Xkk q ≥ P∞-
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Lpnne Kds i < /- Enq q ≥ P∞ ≥ 0 vd g]ud) ax Kdll] 3-2 ]mc rhmbd sgd l]o q ≤� εq

hr rsqhbskx cdbqd]rhmf ax �3-6()

D(iψq ( ≤ D˜∞(iψq ( :
i1

1
∇ψq∇1 • i o˜0

o ˜ 0

˜

�M
˜

ψ
o˜0
q cw

≤ i1

1
∇ψ∇1

G0(�M (
• i o˜0

o ˜ 0

˜

Aq (/(
(ψ • εq (

o˜0 cw

≤ i1

1
∇ψ∇1

G0(�M (
• i o˜0

o ˜ 0

˜

A0(/(
(ψ • ε0(

o˜0 cw

Rhmbd
)

A0(/(

�
ψ • ε0

(o˜0
cw < / ax �3-6() vd l]x bgnnrd

i <

]
(o ˜ 0(∇ψ∇1

G0(�M (

1
)

A0(/(
(ψ • ε0(

o˜0 cw

√ 0
o•0

vghbg hlokhdr sg]s D(iψq ( / / enq q ≥ P∞) ]r bk]hldc- ‖0

Lpnne ne Lpnonrhshnm 3�. Kds P∞ ≥ 0 ad fhudm ax Kdll] 3-2) ]mc kds i < / ad fhudm
ax Kdll] 3-3- Enq q ≥ P∞ ]mc s ∈ =/) i\ vd sgdm g]ud) ax Kdll]r 3-1 ]mc 3-2)

D (sψq ( : D˜∞ (sψq (•
�
D˜∞ (sψq (• D (sψq (

(
≤ a∞ ˜ d•q

∫
s o˜0B0q

• M•0
1 • s oB1

(

≤ a∞ ˜ d•q s o
∫
iB0q

• M•0
1 • B1

(
,

Rhmbd M ≥ 1) vd l]x ’w P ≥ P∞ vhsg sgd oqnodqsx sg]s iB0q•
M•0

1 ≤ B1
1 enq q ≥ P)

vghbg hlokhdr sg]s

D (sψq ( ≤ a∞ •
B1

1
d•q s o / a∞ enq s ∈ (/) i\) q ≥ P,

Rhmbd ]krn D(/( : / / a∞) vd sgtr nas]hm sg]s D(sψq ( / a∞ enq s ∈ =/) i\) q ≥ P-
Lnqdnudq) ax Kdll] 3-3 vd g]ud D(iψq ( / / enq ]kk q ≥ P rhmbd P ≥ P∞- Sgd oqnne
hr ’mhrgdc- ‖0

4 Rgd duhrsdmbd qdrtis

Vd jddo trhmf sgd mns]shnm ne sgd hmsqnctbshnm ]mc ne Rdbs- 1) vghbg cdodmcr nm sgd
’wdc pt]mshshdr b ∈ (/) bo( ]mc o ∈ (0) 1∗ • 0(- Lnqdnudq) vd vhkk ]rrtld M ≥ 1
sgqntfgnts sghr rdbshnm) vghbg vhkk ]kknv tr sn oqnud sgd dwhrsdmbd ne ] mnm,sqhuh]k
rnktshnm sn �0-03(- Sghr vhkk bnmbktcd sgd oqnne ne Sgdnqdl 0-2-

Sgdnqdl 4-. Ids M ≥ 1- Sgdm sgdqd dwhrsr X mnm,sqhuhXk rnktshnm t ∈ G0
/ (NM
˜( sn

�0-03( vghbg) hm oXqshbtkXq) hr X onrhshud rnktshnm sn �0-00(-
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Sgd rsq]sdfx ne sgd oqnne hr ]r enkknvr9 trhmf sgd rsqhbs hmdpt]khsx �3-8() vd vhkk
l]m]fd sn oqnud sgd dwhrsdmbd ne ] Bdq]lh rdptdmbd vgnrd vd]j khlhs hr mnm sqhuh]k
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sg]s dmc) vd ’w ]m ]qahsq]qx s ∈ =sβ • η/) sβ\- @qfthmf ]r hm Rsdo 0) vd g]ud sg]s

)
•�(> • >s (˜ bs (w((> • >s ( : /) hm ηL )

> • >s < /) nm ∂ηL )
�5-02(
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vgdqd

bs (w( +:

⎧
⎨

⎩
0• (>(w((o • (>s (w((o

>(w(• >s (w(
) he >(w(• >s (w( 〉: /)

0) he >(w(• >s (w( : /,
�5-03(

Vd ]rrtld ax bnmsq]chbshnm sg]s

]w ∈ ηL + >(w( / >s (w(| 〉: ∅, �5-04(

Sgdm) trhmf sgd ld]m u]ktd sgdnqdl ]mc �5-00() vd cdctbd sg]s) enq ]kk w ∈ ]w ∈ ηL +
>(w( / >s (w(|)

bs (w( ≥ 0• o(>s (w((
o•0 ≥ 0

1
, �5-05(

Gdmbd) hm d]bg bnmmdbsdc bnlonmdms C ne ]w ∈ ηL + >(w( / >s (w(| vd g]ud sg]s

)
•�(> • >s (˜ bs (w((> • >s ( : /) hm C)

> • >s : /) nm ∂C)
�5-06(

vhsg bs r]shrexhmf �5-05(- Sgdm) ]ookxhmf sgd vd]j l]whltl oqhmbhokd Z4) Kdll]
1-0[) vd nas]hm sg]s > ≥ >s hm C vghbg bnmsq]chbsr sgd e]bs sg]s C ⊂ ]w ∈ ηL +
>(w( / >s (w(|- Gdmbd) vd bnmbktcd sg]s ]w ∈ ηL + >(w( / >s (w(| : ∅ ]mc rn) sg]s
> ≥ >s hm ηL - S]jhmf hmsn ]bbntms �5-01() vd hmedq sg]s) enq ]kk η ∈ =/) η/\) > ≥ >sβ•η

hmNM
˜ - Sghr hr hm bnmsq]chbshnm vhsg sgd cd’mhshnm ne sβ- Gdmbd) BXrd . b]mmns g]oodm-

BXrd 12 hme w∈�M•0·=/)L\
�
> • >sβ

(
: /-

Hm sghr b]rd sgdqd dwhrsr ] rdptdmbd ne onhmsr (wm(m ⊂ NM•0 · =/)L\ rtbg sg]s

>
�
wm(• >sβ (wm(� /) ]r m�∞, �5-07(

To sn ] rtardptdmbd) hs enkknvr sg]s wm
M � wM enq rnld wM ∈ =/)L\- Vd cd’md sgdm

>m(w( : >
∫
w ∞ ˜

�
wm(∞

) wM

(
) enq ]kk m ∈ !)

]mc) enq ]kk m ∈ !) vd g]ud >m ≥ >sβ hm NM
˜ ]mc

)
•�>m ˜ >m : (>m(o) hm NM

˜ )

>m : b) nm ∂NM
˜ ,

Lnqdnudq) enq ]kk m ∈ !) hs enkknvr sg]s

)
•�

�
>m • >sβ

(
˜ (>m • >sβ( ≥ /) hm NM

˜ )

>m • >sβ < /) nm ∂NM
˜ )
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]mc rn) ax sgd Rsqnmf L]whltl oqhmbhokd) vd g]ud sg]s

>m • >sβ < /) hm NM
˜ ) enq ]kk m ∈ !,

Mnv) ]qfthmf ]r hm Z04) Oqnne ne Sgdnqdl 1-0) Rsdo 0[) vd cdctbd sg]s sgd rdptdmbd
(>m(m ]clhsr ] rtardptdmbd) rshkk cdmnsdc ax (>m(m ) bnmudqfhmf sn ] etmbshnm > hm
B1

knb(N
M
˜(- Sghr etmbshnm > rshkk rnkudr

)
•�> ˜ > : > o) hm NM

˜ )

> : b) nm ∂NM
˜ )

]mc r]shr’dr > ≥ >sβ ) hm NM
˜ ) ]mc

>
�
/∞) wM

(
: >sβ

�
/∞) wM

(
, �5-08(

Mnsd sg]s �5-08( ]mc > : b < bo ≥ >sβ nm ∂NM
˜ hlokx wM < /- Rhmbd > ≥ >sβ hm NM

˜ )
vd g]ud )

•�
�
> • >sβ

(
˜

�
> • >sβ

(
≥ /) hm NM

˜ )

> • >sβ < /) nm ∂NM
˜ )

Gdmbd) ax sgd Rsqnmf L]whltl oqhmbhokd) hs enkknvr sg]s > < >sβ hm NM
˜ vghbg fhudr ]

bnmsq]chbshnm vhsg �5-08(- BXrd 1 b]mmns g]oodm dhsgdq ]mc gdmbd sgd Rsdo 1 enkknvr-

Nsao 29 Bnmbktrhnm-
Nardqud sg]s > < >s hm NM

˜ enq ]kk s ∈ N hlokhdr sg]s > ≥ >/(/( : bo hm NM
˜ - Sghr

fhudr ] bnmsq]chbshnm vhsg �0-3( ]mc rn sgd oqnne hr bnlokdsd- ‖0

6bimnvkdcfdldmsr Sgd ]tsgnqr vhrg sn sg]mj sgd ]mnmxlntr qdedqddr enq sgdhq u]kt]akd bnlldmsr ]mc
bnqqdbshnmr- O]qs ne sghr vnqj v]r cnmd vghkd sgd ’qrs ]tsgnq v]r uhrhshmf sgd Fndsgd,Tmhudqrhs]́s Eq]mjetqs-
Gd vhrgdr sn sg]mj ghr gnrsr enq sgd v]ql gnrohs]khsx ]mc sgd ’m]mbh]k rtoonqs-

Dtmchmf Nodm @bbdrr etmchmf dm]akdc ]mc nqf]mhydc ax Oqnidjs CD@K

CTsT 6uThkTahkhsw PsTsdldms Sghr ]qshbkd g]r mn ]cchshnm]k c]s]-

�nloihOmad thsg dsghaOi rsOmcOpcr

Anm�hbs ne hmsdqdrs Nm adg]ke ne ]kk ]tsgnqr) sgd bnqqdronmchmf ]tsgnq rs]sdr sg]s sgdqd hr mn bnmfihbs ne
hmsdqdrs-

Nodm6bbdrr Sghr ]qshbkd hr khbdmrdctmcdq ]Bqd]shudBnllnmr@ssqhatshnm 3-/ Hmsdqm]shnm]kKhbdmrd)vghbg
odqlhsr trd) rg]qhmf) ]c]os]shnm) chrsqhatshnm ]mc qdoqnctbshnm hm ]mx ldchtl nq enql]s) ]r knmf ]r xnt fhud
]ooqnoqh]sd bqdchs sn sgd nqhfhm]k ]tsgnq�r( ]mc sgd rntqbd) oqnuhcd ] khmj sn sgd Bqd]shud Bnllnmr khbdmbd)
]mc hmchb]sd he bg]mfdr vdqd l]cd- Sgd hl]fdr nq nsgdq sghqc o]qsx l]sdqh]k hm sghr ]qshbkd ]qd hmbktcdc
hm sgd ]qshbkd–r Bqd]shud Bnllnmr khbdmbd) tmkdrr hmchb]sdc nsgdqvhrd hm ] bqdchs khmd sn sgd l]sdqh]k- He
l]sdqh]k hr mns hmbktcdc hm sgd ]qshbkd–r Bqd]shud Bnllnmr khbdmbd ]mc xntq hmsdmcdc trd hr mns odqlhssdc
ax rs]stsnqx qdftk]shnm nq dwbddcr sgd odqlhssdc trd) xnt vhkk mddc sn nas]hm odqlhrrhnm chqdbskx eqnl sgd
bnoxqhfgs gnkcdq- Sn uhdv ] bnox ne sghr khbdmbd) uhrhs gsso9..bqd]shudbnllnmr-nqf.khbdmrdr.ax.3-/.-
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Pdedqdmbdr

0- @n)V-)Ltrrn)L-) O]b]qc) E-)Vdh) I-9 Rnktshnmrvhsgnts ]mx rxlldsqx enq rdlhkhmd]q dkkhoshb oqnakdlr-
I- Etmbs- @m]k- 16.�2() 773ü845 �1/05(

1- A]qsrbg) S-) Vhkkdl) L-9 Hm’mhsdkx l]mx mnmq]ch]k rnktshnmr ne ] Dtbkhcd]m rb]k]q ’dkc dpt]shnm- I-
Etmbs- @m]k- 006�1() 336ü35/ �0882(

2- A]qsrbg) S-) Vhkkdl) L-9 Hm’mhsdkx l]mx q]ch]k rnktshnmr ne ] rdlhkhmd]q dkkhoshb oqnakdl nm PM - @qbg-
Q]shnm- Ldbg- @m]k- 013�2() 150ü165 �0882(

3- Adqdrsxbjh) G-) B]ee]qdkkh) K-) Mhqdmadqf) K-9 Etqsgdq pt]khs]shud oqnodqshdr enq dkkhoshb dpt]shnmr hm
tmantmcdc cnl]hmr- @mm- Rbtnk] Mnql- Rto- Ohr] Bk- Rbh- �3( 14�0ü1() 58ü83 �0886(

4- Adqdrsxbjh) G-) B]ee]qdkkh) K-@-) Mhqdmadqf) K-9 Lnmnsnmhbhsx enq dkkhoshb dpt]shnmr hm tmantmcdc Kho,
rbghsy cnl]hmr- Bnlltm- Otqd @ook- L]sg- 4.�00() 0/78ü0000 �0886(

5- Adqdrsxbjh) G-) F]kkntd́s) S-) J]uh]m) N-9 D̀pt]shnmr cd bg]lor rb]k]hqdr dtbkhchdmr mnm khmd̀]hqdr c]mr
kd ok]m- B- Q- @b]c- Rbh- O]qhr Rd̀q- H L]sg- 186�4() 2/6ü20/ �0872(

6- Adqdrsxbjh) G-) G]ldk) E-) Lnmmd]t) Q-9 Nmd,chldmrhnm]k rxlldsqx ne antmcdc dmshqd rnktshnmr ne
rnld dkkhoshb dpt]shnmr- Ctjd L]sg- I- 0.2�2() 264ü285 �1///(

7- Adqdrsxbjh) G-) Khnmr) O-,K-9 Mnmkhmd]q rb]k]q ’dkc dpt]shnmr H- Dwhrsdmbd ne ] fqntmc rs]sd- @qbg-
Q]shnm- Ldbg- @m]k- 71�3() 202ü234 �0872(

8- Adqdrsxbjh) G-) Khnmr) O-,K-9 Mnmkhmd]q rb]k]q ’dkc dpt]shnmr- HH- Dwhrsdmbd ne hm’mhsdkx l]mx rnktshnmr-
@qbg- Q]shnm- Ldbg- @m]k- 71�3() 236ü264 �0872(

0/- Bdq]lh) F-9 Tm bqhsdqhn ch drhrsdmy] odq h otmsh bqhshbh rt u]qhds]̌ hkkhlhs]sd- Hrshs- Knla- @bb]c- Rbh- Kdss-
Qdmc- @ 001�1() 221ü225 �0867(

00- C]mbdq) D-M-9 Mdv rnktshnmr ne dpt]shnmr nm �m - @mm- Rbtnk] Mnql- Rto- Ohr] Bk- Rbh- �3( 2.�2ü3()
424ü452 �1//1(

01- C]mbdq) D-M-) Vdsg) S-9 Khntuhkkd,sxod qdrtksr enq mnm,bnnodq]shud dkkhoshb rxrsdlr hm ] g]ke,ro]bd- I-
Knmc- L]sg- Rnb- �1( 75�0() 000ü017 �1/01(

02- Djdk]mc) H-9 Bnmudwhsx Ldsgncr hm G]lhksnmh]m Ldbg]mhbr- Roqhmfdq,Udqk]f) Adqkhm �088/(
03- Drsda]m) L-I-) Khnmr) O-,K-9 Dwhrsdmbd ]mc mnmdwhrsdmbd qdrtksr enq rdlhkhmd]q dkkhoshb oqnakdlr hm

tmantmcdc cnl]hmr- Oqnb- Q- Rnb- Dchma- Rdbs- @ 82�0ü1(90ü03 �0871.72(
04- E]qhm]) @-9 Qhfhchsx ]mc nmd,chldmrhnm]k rxlldsqx enq rdlhkhmd]q dkkhoshb dpt]shnmr hm sgd vgnkd ne

NM ]mc hm g]ke ro]bdr- @cu- L]sg- Rbh- @ook- 02�0() 54ü71 �1//2(
05- Fhc]r) A-) Mh) V-L-) Mhqdmadqf) K-9 Rxlldsqx ne onrhshud rnktshnmr ne mnmkhmd]q dkkhoshb dpt]shnmr hm

Pm - @cu- L]sg- Rtook- Rstc- 6) 258ü3/1 �0870(
06- Fhc]r) A-) Roqtbj) I-9 @ oqhnqh antmcr enq onrhshud rnktshnmr ne mnmkhmd]q dkkhoshb dpt]shnmr- Bnlltm-

O]qsh]k Cheedq- Dpt- 5�7() 772ü8/0 �0870(
07- Fhka]qf) C-) Sqtchmfdq) M-R-9 Dkkhoshb O]qsh]k Cheedqdmsh]k Dpt]shnmr ne Rdbnmc Nqcdq- Roqhmfdq,Udqk]f)

Adqkhm �1//0(
08- Fnldy) C-) Vdh) I-9 Ltksh,rohjd o]ssdqmr hm sgd FhdqdqüLdhmg]qcs rxrsdl vhsg ] mnm,ydqn ]bshu]snq

antmc]qx fitw- Oqdoqhms) ]qWhu9]ar.1//7-/3422 �1/1/(
1/- I]ldrnm) F-I-N-9 Hmdpt]khshdr bnlo]qhmf (X˜a(o•X o•ao ]mc X o•0a˜Xao•0- Dkdl- L]sg- 58�2()

045ü050 �1/03(
10- Id]mid]m) K-9 Nm sgd dwhrsdmbd ne antmcdc O]k]hrüRl]kd rdptdmbdr ]mc ]ookhb]shnm sn ] K]mcdrl]m,

K]ydq,sxod oqnakdl rds nm PM - Oqnb- Q- Rnb- Dchma- Rdbs- @ 018�3() 676ü7/8 �0888(
11- Id]mid]m) K-) S]m]j]) J-9 @ mnsd nm ] lntms]hm o]rr bg]q]bsdqhy]shnm ne kd]rs dmdqfx rnktshnmr- @cu-

Mnmkhmd]q Rstc- 2�3() 334ü344 �1//2(
12- Jq]trd) @-K-) Jkhj]) U-) L]hmh) O-J-) Gd]cnm) C-) F]eemdx) D-@-9 Hrnk]shmf o]ssdqmr hm nodm qd]bshnm,

cheetrhnm rxrsdlr- Oqdoqhms) ]qWhu9]ar.1//8-02003 �1/1/(
13- Jvnmf) L-J-9 Tmhptdmdrr ne onrhshud rnktshnmr ne�t•t˜t o : / hm Pm - @qbg- Q]shnm- Ldbg- @m]k-

0.4�2() 132ü155 �0878(
14- Khnmr) O-,K-9 Sgd bnmbdmsq]shnm,bnlo]bsmdrr oqhmbhokd hm sgd b]kbtktr ne u]qh]shnmr- Sgd knb]kkx bnlo]bs

b]rd- HH- @mm- Hmrs- G- Onhmb]qd̀ @m]k- Mnm Khmd̀]hqd 0�3() 112ü172 �0873(
15- Kht) X-) Vdh) I-9 Nm sgd Gdklgnksy dpt]shnm ]mc C]mbdq–r,sxod dmshqd rnktshnmr enq mnmkhmd]q dkkhoshb

dpt]shnmr- Oqnb- @l- L]sg- Rnb- 036�2() 0024ü0037 �1/08(
16- Knqb]) R-) Tahkk]) O-9 Rxlldsqhb ]mc mnmrxlldsqhb rnktshnmr enq ]m dkkhoshb dpt]shnm nmNM - Mnmkhmd]q

@m]k- 47�6ü7() 850ü857 �1//3(
17- Ltrrn) L-) O]b]qc) E-) Vdh) I-9 Ehmhsd,dmdqfx rhfm,bg]mfhmf rnktshnmr vhsg chgdcq]k rxlldsqx enq sgd

rs]shnm]qx mnmkhmd]q Rbgqńchmfdq dpt]shnm- I- Dtq- L]sg- Rnb- �IDLR( 03�5() 0812ü0842 �1/01(
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18- Onk]̀flbhj) O-) Pthssmdq) O-) Rntokds) O-9 Rhmftk]qhsx ]mc cdb]x drshl]sdr hm rtodqkhmd]q oqnakdlr uh]
Khntuhkkd,sxod sgdnqdlr- H- Dkkhoshb dpt]shnmr ]mc rxrsdlr- Ctjd L]sg- I- 028�2() 444ü468 �1//6(

2/- Q]ahmnvhsy) O-G-9 Nm ] bk]rr ne mnmkhmd]q Rbgqńchmfdq dpt]shnmr- Y- @mfdv- L]sg- Ogxr- 32�1() 16/ü
180 �0881(

20- Rsq]trr)V-@-9 Dwhrsdmbd ne rnkhs]qxv]udr hm ghfgdq chldmrhnmr- Bnlltm-L]sg- Ogxr- 44�1() 038ü051
�0866(

21- Rsqtvd) L-9 U]qh]shnm]k Ldsgncr) @ookhb]shnmr sn Mnmkhmd]q O]qsh]k Cheedqdmsh]k Dpt]shnmr ]mc G]lhk,
snmh]m Rxrsdlr) unk- 23) 3sg dcm- Roqhmfdq,Udqk]f) Adqkhm �1//7(

22- Rst]qs) B-@-9 Ahetqb]shnm eqnl sgd drrdmsh]k rodbsqtl- Hm9 L]sydt) L-) Uhfmnkh) @- �dcr-( Snonknfhb]k
Mnmkhmd]q @m]kxrhr) HH �Eq]rb]sh) 0884( ne Oqnfqdrr hm Mnmkhmd]q Cheedqdmsh]k Dpt]shnmr) unk- 16) oo-
286ü332- Ahqjg]́trdq Anrsnm Hmb-) Anrsnm) L@ �0886(

23- Vhkkdl) L-9 Lhmhl]w Sgdnqdlr- Ahqjg]́trdq Anrsnm Hmb-) Anrsnm) L@ �0885(

Otakhrgdqyr Lnsd Roqhmfdq M]stqd qdl]hmr mdtsq]k vhsg qdf]qc sn itqhrchbshnm]k bk]hlr hm otakhrgdc l]or
]mc hmrshstshnm]k ]e’kh]shnmr-
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