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kPMUH.elseLeMDi

he vDte.D Dh MPi DU L( DSDUvi' vUtè Sv Ml vUtè .UveMke ' tUv h BaMs

DvSiDel Le Ml veievBelLSkh DDeMDaUM DU Leè L Bev( TvUSl DU h Be ceeM (USv iDSleMD Ml

sv DetS. HaDh (US cUDh tUv h BaMs Dv MiLaDDel DU Le kvaDak . iTavaD Ml ieMie Ut TvekaiaUM aM

k vv(aMs USD Dhai HUvPè

iTeka . Dh MPi DU vè Det MU tUv aDi iasMatak MD he.T Ml kUMDvacSDaUM aM ieDDaMs Dhe

h TvU,ekD Ml Dhe tae.l kDaBaD( HaDh TvekaUSi lavekDaUMi Ml iSsseiDaUMiè

L Bev( sv DetS. DU Dhe ,Sv( LeLcevi Ml .. Dhe k leLaki Ml veie vkhevi' HhU h Be

lelak Del DaLe aM eB .S DaMs Ml veBaiaMs Dhe TvUsveii Ut Dhe Dheiai Ml Dhe taM . L MSikvaTDô

vUtè hvaiDUThe Ml vUtè a Mtv MkU –Dheiai veBaeHevi D −' vUtè

evse ' vUtè aUvsaU va MU Ml vUtè aLaDvai –Dheiai veBaeHevi D

−' vè eka.a –eZ LaMev−' vUtè vae..e Ml vè . SlaU –Dheiai

kULLaDDee D −' vUtè U.U Ml vè .cevDU – kDaBaD( veBaeHevi D

−è

Haih DU Dh MP vUtè hvaiDUThe tUv aDi iSTTUvD Ml Dhe H vL He.kULe D Dhe

veie vkh SMaD Q giaiD Mke MlSaDe eD aUTvUDekDaUM lei . MDei8 Ut Dhe è

iaMkeve Dh MPi DU vè DgTh Me tUv hUiDaMs L( hUvD evL kaeMDatak aiiaUM D Dhe

aUveiUSvkei MaD Ut Dhe ' eMh MkaMs L( aMDeveiD aM Dhe t ikaM DaMs ikaeMke Ut e.ekDvUM

LakvUikUT(è i He.. i llveii L( Dh MPi DU vè .ai Ml UDhev iD tt tUv Dhe PaMl

hUiTaD .aD( DU Le lSvaMs L( LaiiaUM D è

he TveieMD Dheiai ai Dhe veiS.D Ut Dhe aMDesv DaUM Ut ieBev . ikaeMDatak kU.. cUv DaUMiè

H MD DU Dh MP eiTeka ..( Dhvee kU..e sSei Ml tvaeMli' vè aMkeMxU ' vè aBaU

Ml vè a.aTTU ' HhU h Be SMPMUHaMs.( iSTTUvDel Ml iDaLS. Del Le

lSvaMs Dhe kUSvie Ut Dhai veie vkh eZTevaeMke' eiTeka ..( aM Dhe LUiD lattakS.D Ml leLUDaB DaMs

LULeMDiè

M( Dh MPi DU .. TeUT.e HhU aM latteveMD DaLei Ml T. kei h Be saBeM Dheav kUMDvacSDaUMi DU

Dhai HUvPô tvaeMli' kU..e sSei Ml iD tt tvUL L( DHU hULe SMaBeviaDaei' Ml ' tvUL
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Dhe @ caLeD Ut U.UsM ' Dhe eMDve tUv .ekDvUM akvUikUTaei Ut aveMxe Ml Dhe lLSMl

kh USMl DaUM Ut M akhe.e ..ù laseè

h MPi DU vUtè MDUMaeDD – MUla sMUiDaki v.' D .(−' vè Mlve – MaBeviaD( Ut

U.UsM − Ml vUtè . M – MaBeviaD( Ut aicUM−' tUv Dheav iasMatak MD kUMDvacSDaUM UM Dhe

TveT v DaUM Ut Dhe veie vkh T Teviè

M( Dh MPi DU Dhe L M seLeMD Ml Dhe DekhMak . iD tt Ut Dhe T vDMevi aMBU.Bel aM Dhe

leBe.UTLeMD Ut Dhe MSviev( Ml BaMe( vl Dva .iô vUST v.' U.UsM – −q SikelU k '

M aUvsaU èl – −q , ' vc veikU – −q - vk Ml ' iD sMeDU vlSkka – −q aeBe la MD

eiDaDSD ' UMD .kaMU – −' h LT sMe USai Uelevev' eaLi – − Ml h De S akhUM

UMsSeBa..e ULDeiie le . Mle' Sa.. k – −è H MD DU Dh MP eiTeka ..( vei Ml

caU – e BaDakU.DSv ' D .(−' tUv Dheav aMiSTev c.e kUUTev DaUM aM BaMe( vl Ml USv iTeka .

tvaeMlihaTè

he TveT v DaUM Ut Dhai Dheiai ai Dhe kUMk.SiaUM Ut kUMialev c.e HUvP Ml M k leLak k veev

tS.. Ut i kvatakei Ml .UD Ut i Dait kDaUMiè H MD DU lelak De Dhai sU . DU L( t Dhev caU' .H (i

aM L( he vD' tUv hai eZDv UvlaM v( eZ LT.e Ut .ate' Ml DU L( Hate .ai ' tUv h BaMs He.kULelLe

aM hev .ate Ml tUv hev .UBe.( iSTTUvD' HaDhUSD Hhakh' HUS.l MUD h Be ve khel Dhai eMlè
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ciDv kD

aD.eô eBe.UTaMs M aMMUB DaBe DUU. DU eMh Mke Dhe caU.Usak . kDaBaD( Ut kDaBe iSciD Mkei tUv

Dhe kUMDvU. Ut tSMs . laie iei aM è

he veie vkh aMBeiDas Dei Dhe TT.ak DaUM Ut caULaLeDak k .kaSL ThUiTh De i aMMUB DaBe

le.aBev( i(iDeL tUv sv TeBaMe – è− TvUDekDaUM TSvTUieiè hai iL vD L Deva . H i

iSkkeiitS..( iDSlael aM Dhe caULelak . tae.l' tvUL Dhe tSMkDaUM .ax DaUM Ut caULaLeDak k .kaSL

ThUiTh De HaDh MDa@k Mkev LU.ekS.ei tUv .Uk .axel ve.e iei' DU Dhe leBe.UTLeMD Ut M

aMMUB DaBe DUUDhT iDe tUv Uv . h(saeMeè ve.aLaM v( ii (i DU aLT.eLeMD Dhe kUMDvU. Ut Dhe

sv TeBaMe tSMs . laie iei' h Be veBe .el TvULaiaMs veiS.Diè

M Dhai tv LeHUvP' Dhe caULaLeDak aMUvs Mak h(lvUZ( T DaDe H i aMBeiDas Del i TUDeMDa .

le.aBev( i(iDeL Ut caU kDaBe iSciD Mkei ..UHel aM Uvs Mak svakS.DSve tUv T. MD TvUDekDaUMè

hvUSsh LS.DalaikaT.aM v( TTvU kh' Dhe iDSl( H i aLel DU eB .S De Dhe ettakaeMk( Ut

h(lvUZ( T DaDe aM eMh MkaMs Dhe caU.Usak . kDaBaD( Ut kUTTev– − kULTUSMli' UM Dhe kUMDvU. Ut

ve.eB MD kULLUM laie iei' .aPe lUHM( La.leH' Ml kULT.eZ tSMs . laie iei' iSkh i Dhe

sv TeBaMe DvSMP laie ieiè hai aL ai ve. Del DU tSvDhev LcaDaUSi sU .iô Dhe iasMatak MD

velSkDaUM Ut Dhe tSMsakalei LUSMDi TT.ael aM T. MD TvUDekDaUM Ml Dhe UTDaLax DaUM Ut Dhe

laiDvacSDaUM Ml TeviaiDeMke Ut Dhe caU kDaBe iSciD Mkei aM Dhe T. MD DaiiSei' aMk.SlaMs Dhe

B ikS. v UMei' Hheve h vLtS. T DhUseMi k M leBe.UTè

Bev ..' Dhe eZTevaLeMD . kDaBaDaei ..UHelô –a− DU SMleviD Ml Dhe aMDev kDaUM ceDHeeM le.aBev(

i(iDeL' tSMkDaUM . iSciD Mke Ml sv TeBaMe DaiiSeiq –aa− DU leLUMiDv De Dhe Lekh MaiL UM

Hhakh Dhe hashev ettak k( Ut Dhe tSMkDaUM . iSciD Mke ai c ielq –aaa− DU kU..ekD MeH aMtUvL DaUM

UM Dhe Lekh MaiLi aMBU.Bel aM Dhe i(LTDULi eZTveiiaUM c( iDSl(aMs Dhe T. MD leteMie

ve kDaUMi aMlSkel c( Dhe Dve DLeMDiè

e(HUvliô iSiD aM c.e BaDakS.DSveq tSMs . laie ieiq sv TeBaMe TvUDekDaUMq
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giSLg

aDve ô gBe.UTTeLeMD lùSM USDa. aMMUB MD TUSv UTDaLaiev .% kDaBaDg caU.UsaESe lei iSciD Mkei

kDaBei taM le kUMDvI.ev lei L . laei tUMsaESei khex è

e Dv B a. kUMiaiDg eM .ùgDSle .% TT.ak DaUM lS ThUiTh De le k .kaSL kULLe i(iDdLe le

Dv MiTUvDeSv –Q lvSs le.aBev( 8− TUSv . TvUDekDaUM le . BasMe – è−è e caUL Dgva S

gDg gDSlag Bek iSkkdi l Mi .e lUL aMeLglak .' le . tUMkDaUMM .aDg lS ThUiTh De le k .kaSL

Bek lei LU.gkS.ei MDak MkgveSiei' - . Laie S TUaMD l%SM leMDatvake aMMUB MDè ei eii ai

Tvg.aLaM avei l Mi .e kUMDvI.e lei L . laei tUMsaESei le . BasMe UMD vgBg.g lei vgiS.D Di

TvULeDDeSviè

Mi ke kUMDeZDe' .%h(lvUZ( T DaDe aMUvs MaESe eD caULaLgDaESe gDg gDSlag eM D MD ESe

i(iDdLe Dv MiTUvDeSv TUDeMDae. le iSciD Mkei caU kDaBei SDUvaigei eM svakS.DSve caU.UsaESe

TUSv . TvUDekDaUM lei T. MDeiè Dv Bevi SMe TTvUkhe LS.DalaikaT.aM ave' .%Uc,ekDat le .ùgDSle

gD aD lùgB .Sev .%ettak kaDg le .%h(lvUZ( T DaDe l Mi .% Lg.aUv DaUM le .% kDaBaDg caU.UsaESe lei

kULTUigi le kSaBve– − TUSv .SDDev kUMDve lei L . laei tUMsaESei De..ei ESe .e La.laUS eD .ei

L . laei lS cUaiè eDDe gDSle TUSv LcaDaUM le kUMDvacSev - .%UTDaLai DaUM le . laiDvacSDaUM

eD le . TeviaiD Mke lei iSciD Mkei caU kDaBei l Mi .ei DaiiSi BgsgD SZ' ( kULTvai B ikS. avei'

UR lei T DhUsdMei MUkati TeSBeMD ie lgBe.UTTev aMia ESù- . vglSkDaUM lei ES MDaDgi le

tUMsakaleiè

eDDe vekhevkhe aMia TevLai le –a− kULTveMlve .%aMDev kDaUM eMDve .e i(iDdLe Dv MiTUvDeSv'

. iSciD Mke tUMkDaUMMe..e eD .ei DaiiSi le . BasMe q –aa− lgLUMDvev .e Lgk MaiLe iSv .eESe.

.%ettak kaDg iSTgvaeSve le . iSciD Mke tUMkDaUMMe..e eiD c ige q –aaa− vekSea..av le MUSBe..ei

aMtUvL DaUMi iSv .ei Lgk MaiLei aLT.aESgi l Mi .%eZTveiiaUM lei i(LTDILei lei L . laei lS

cUai eM gDSla MD .ei vg kDaUMi le lgteMie lei T. MDei aMlSaDei T v .ei Dv aDeLeMDiè

UDi k.gi ô BaDakS.DSve lSv c.e q L . laei tUMsaESei q TvUDekDaUM le . BasMe q
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a iiSMDU

aDU.Uô Ba.STTU la SM LexxU DekMakU aMMUB DaBU Tev UDDaLaxx ve .ù DDaBaD- caU.Usak la iUiD Mxe

DDaBe Me. kUMDvU..U le..e L . DDae tSMsaMe aM è

TveieMDe vakevk iDSla .% TT.ak xaUMe le. tUit DU la k .kaU caULaLeDakU kULe iaiDeL

Qle.aBev(8 aMMUB DaBU Tev . TvUDexaUMe le.. BaDe – è−è SeiDUL Deva .e aMDe..aseMDe

d iD DU iDSla DU kUM iSkkeiiU Me. k LTU caULelakU' l .. tSMxaUM .axx xaUMe le. tUit DU la

k .kaU kUM LU.ekU.e MDa@k MkvU' ..U iBa.STTU la SM leMDatvakaU aMMUB DaBUè ssa Tve.aLaM va Tev

aLT.eLeMD ve a. kUMDvU..U le..e L . DDae tSMsaMe le.. BaDe h MMU vaBe. DU vaiS.D Da TvULeDDeMDaè

M ESeiDU kUMDeiDU' .%alvUiia T DaDe aMUvs Mak caULaLeDak d iD D iDSla D kULe TUDeMxa .e

iaiDeL Qle.aBev(8 la iUiD Mxe caU DDaBe kUMieMDaDe Me..% svakU.DSv caU.Usak Tev . TvUDexaUMe

le..e Ta MDeè

DDv BeviU SM TTvUkkaU LS.DalaikaT.aM ve' .U iDSlaU d iD DU taM .axx DU B .SD ve .%ettakaeMx

le..%alvUiia T DaDe Me. TUDeMxa ve .% DDaBaD- caU.Usak lea kULTUiDa la v Le– −' iS. kUMDvU..U la

L . DDae kULSMa' kULe . TevUMUiTUv ' e .e L . DDae kULT.eiie' kULe .e L . DDae le. .esMU

le.. BaDeè SeiDU ikUTU d .es DU S.DevaUva UcaeDDaBa LcaxaUiaô . valSxaUMe lea tSMsakala

TT.ak Da Me.. TvUDexaUMe le..e Ta MDe e .%UDDaLaxx xaUMe le.. laiDvacSxaUMe e TeviaiDeMx le..e

iUiD Mxe caU DDaBe Mea DeiiSDa BeseD .a' kULTveia ESe..a B ikU. va' aM kSa TUiiUMU iBa.STT via

seMDa T DUseMa l MMUiaè

ULT.eiiaB LeMDe' .e DDaBaD- iTevaLeMD .a h MMU kUMieMDaDUô –a− la kULTveMleve .%aMDev xaUMe

Dv iaiDeL Qle.aBev(8' iUiD Mx tSMxaUM .e e DeiiSDa le.. BaDeq –aa− laLUiDv ve a. Lekk MaiLU iS

kSa ia c i . L ssaUve ettak ka le.. iUiD Mx tSMxaUM .eq –aaa− v kkUs.aeve MSUBe aMtUvL xaUMa

iSa Lekk MaiLa kUaMBU.Da Me..%eiTveiiaUMe lea iaMDULa' iDSla MlU .e ve xaUMa la latei le..e

Ta MDe aMlUDDe l a Dv DD LeMDaè

vU.e kha Beô BaDakU.DSv iUiDeMaca.eq L . DDae tSMsaMeq TvUDexaUMe le.. BaDeq
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eie vkh MaDi

MaBeviaD- les.a DSla la aveMxe – −' D .(

aT vDaLeMDU la kaeMxe le..e vUlSxaUMa svU .aLeMD va e le..% LcaeMDe

exaUMe DU.Usa BeseD .e el MDULU.Usa

SDUvô vUtè Sv @ . Sv èLSsM a“SMataèaD

MaBeviaDg le eaLi h LT sMe vleMMe – −' v Mke

MaDg giaiD Mke MlSaDe eD aUTvUDekDaUM lei . MDei

SDUvô vUtè .UveMke @ t.UveMkeètUMD aMe“SMaB@veaLiètv

UMias.aU xaUM .e le..e akevkhe – −' D .(

iDaDSDU la aULeDeUvU.Usa la U.UsM

STevBaiUvô vè Det MU @ ièlaL vkU“acaLeDèkMvèaD

UMias.aU Tev . akevk aM svakU.DSv e .ù M .aia le..ù kUMULa sv va – −' D .(

eMDvU Tev . aDakS.DSv e .ù MU.Usa la UMes.a MU

STevBaiUvô vè .ai @ e.ai è Mse.aMa“kve èsUBèaD

SiDva M MiDaDSDe Ut ekhMU.Us( – −' SiDva

eMDev tUv e .Dh ] aUveiUSvkei

aUveiUSvkei MaD

STevBaiUvô vè DgTh Me @ iDeTh MeèkULT MD“ aDè kè D
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c.e Ut UMDeMDi

kPMUH.elseLeMDi èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±

ciDv kD – Ms.aih' veMkh' D .a M− èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèα

eie vkh MaDi èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèμ

c.e Ut UMDeMDi – Ms.aih' veMkh' D .a M− èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±±

eMev . aMDvUlSkDaUM èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±=

±è� SiD aM c.e kUMDvU. Ut sv TeBaMe tSMs . laie iei èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±µ

±è±è� vUL kUTTev DU aMMUB DaBe M DSv . iSciD Mkei èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè³±

±è³è� aUkUMDvU. seMDi èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè³³

³è� SiD aM c.e kUMDvU. Ut Dhe laie iei ve. Del DU Dhe lek.aMe Ut sv TeBaMe èèèèèèèèèèèèèèèèèèèèèèèèèèè³θ

³è±è� ULT.eZaD( Ut Dhe sv TeBaMe DvSMP laie iei èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè³Y

³è³è� UMDvU. Ut sv TeBaMe DvSMP laie iei aM cUDh BaMe( vl Ml MSviev( èèèèèèèèèèèèèèèèèèèèèèèèèèèè³J

³èαè� MMUB DaBe TTvU khei tUv sv TeBaMe DvSMP laie ieiLUMaDUvaMs èèèèèèèèèèèèèèèèèèèèèèèèèèèèèè³=

αè� aL Ut Dhe Dheiai èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè³μ

h TDev ± & eie vkh T Tev kkeTDel tUv TSc.ak DaUM UM eiD M seLeMD kaeMke èèèèèèèèèèèèèèèèα±

h v kDevax DaUM Ml iD ca.aD( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh kUTTev– −

kULTUSMli' TT.ael DU .e t DaiiSei Ut è tUv T. MD TvUDekDaUM TSvTUiei

h TDev ³ & eie vkh T Tev iScLaDDel DU h(DUT DhU.Us( èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèYY

Ml eB .S DaUM Ut Dhe caU.Usak . kDaBaD( Ut h(lvUZ( T DaDe tSMkDaUM .axel

HaDh kUTTev– − kULTUSMli UM Dhe sv TeBaMe tSMs . T DhUseMi kUMDvU.

h TDev α & eie vkh T Tev aM TveT v DaUM tUv eiDakale aUkheLaiDv( Ml h(iaU.Us( èèèèèèèèèèèèè=μ

aiDvacSDaUM Ml ettakaeMk( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh DHU kUTTev– −

kULTUSMli aM sv TeBaMe HUUl( DaiiSei kU.UMaxel c( B ikS. v tSMs . T DhUseM Ml

kh v kDevax DaUM Ut Dhe leteMie veiTUMiei kDaB Del c( Dhe T. MD

UMk.SiaUMi Ml TeviTekDaBei èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèμ=
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SciD MDa . iSLL v( aM veMkh èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±+±

SciD MDa . iSLL v( aM D .a M èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±³Y

aDev DSve kaDelèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±αY

MMeZ & U@ SDhUvel veie vkh T Tev

a eMM vU è è' DDaiDUM è' a vkU è' kaMa è' Deie è' UkeMDaMa è' ..aUDDa è

Ml SsM a è –³+±J−è ML MMel eva . ehak.e – −@c iel veLUDe ieMiaMs DU LUMaDUv

sv TeBaMe .e t iDvaTe laie ie HaDhaM BaMe( vl ttekDel c( eik kULT.eZè h(DUT DhU.Usa

elaDevv Me YY' ³' ³J³<³=Y

MMeZ & U@ SDhUvel veBaeH T Tev

UMle..U è' UMs( è' DDaiDUM è' aMDU è' UTTaM è' vUDe.@ xax è' .gLeMD è' SsM a

è Ml UMD aMe è –³+±=−è v TeBaMe DvSMP laie ieiô veBaeH Ut tatDeeM (e vi Ut Dva .i tUv

Dheav kUMDvU. HaDh kheLak .i Ml caUkUMDvU. seMDiè Sc.aihel UM . MD aie ie

hDDTiô99lUaèUvs9±+è±+μθ9 @+µ@±=@±±µ±@

MMeZ & U@ SDhUvel veie vkh T Tev

a vkU è' iDa è' UiiaU è' UkeMDaMa è' eDvSkkaU è' DDaiDUM è Ml SsM a è

–³+±=−è kDaBaD( Ut e.ekDvU.(xel kal H Dev DUH vli DvSMP laie ie T DhUseMi aM sv TeBaMe

MSviev(è ScLaDDel DU Q aUvM De aDUT DU.Usakhe ³+±µ8

MMeZ & SvvakS.SL aD e



@ ±α @

c.e lei Dadvei

eLevkaeLeMDi èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±

giSLg – Ms. ai' v Mw aie' D .aeM− èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèα

MaDgi le ekhevkhe èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèμ

c.e lei Dadvei – Ms. ai' v Mw aie' D .aeM− èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±±

MDvUlSkDaUM sgMgv .e èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±=

±è� UMDvI.e lSv c.e lei L . laei le . BasMe èèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèèè±µ

±è±è� S kSaBve SZ iSciD Mkei M DSve..ei aMMUB MDei èÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀè³±

±è³è� seMDi le caUkUMDvI.e ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèè³³

³è� UMDvI.e lSv c.e leiL . laei .agei S lgTgvaiieLeMD le . BasMe ÀÀÀÀÀÀÀÀÀÀÀèÀ³θ

³è±è� ULT.eZaDg lei L . laei lS cUai le . BasMe ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèè³Y

³è³è� UMDvI.e lei L . laei lS cUai S BasMUc.e eD eM TgTaMadve BaDakU.e ÀÀÀÀÀÀÀÀÀ³J

³èαè� TTvUkhei aMMUB MDei TUSv iSvBea..ev .eiL . laei lS cUai ÀÀÀÀÀÀÀÀÀÀÀÀÀèèè³=

αè� c,ekDat le . Dhdie ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀ³μ

h TaDve ± & vDak.e ikaeMDataESe kkeTDge TUSv TSc.ak DaUM iSv eiD M seLeMD kaeMke ÀÀα±

v kDgvai DaUM eD iD ca.aDg le .%h(lvUZ( T DaDe tUMkDaUMM .aige T v lei kULTUigi le

kSaBve– −' TT.aESge SZ DaiiSi tU.a avei le è TUSv . TvUDekDaUM le . T. MDe

h TaDve ³ & vDak.e ikaeMDataESe iSULai - h(DUT DhU.Us( ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀYY

B .S DaUM eD le .% kDaBaDg caU.UsaESe le .%h(lvUZ( T DaDe tUMkDaUMM .aige

T v lei kULTUigi le kSaBve– − TUSv .e kUMDvI.e lei T DhUsdMei tUMsaESei le . BasMe

h TaDve α & vDak.e ikaeMDataESe eM TvgT v DaUM TUSv eiDakale aUkheLaiDv( Ml h(iaU.Us( èèè=μ

aiDvacSDaUM eD ettak kaDg le .%h(lvUZ( T DaDe tUMkDaUMM .aige T v leSZ kULTUigi le

kSaBve– − l Mi .ei DaiiSi .asMeSZ le . BasMe kU.UMaigi T v SM seMD T DhUsdMe tUMsaESe

B ikS. ave eD k v kDgvai DaUM lei vgTUMiei le lgteMie kDaBgei T v . T. MDe

UMk.SiaUMi eD TeviTekDaBei èèÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèμ=



@ ±θ @

giSLg iSciD MDae. eM v Mw aie ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀ±+±

giSLg iSciD MDae. eM D .aeM ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèè±³Y

ac.aUsv ThaeÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀè±αY

MMeZe & vDak.e ikaeMDataESe kU@vglasg

a eMM vU è è' DDaiDUM è' a vkU è' kaMa è' Deie è' UkeMDaMa è' ..aUDDa è

Ml SsM a è –³+±J−è ML MMel eva . ehak.e – −@c iel veLUDe ieMiaMs DU LUMaDUv

sv TeBaMe .e t iDvaTe laie ie HaDhaM BaMe( vl ttekDel c( eik kULT.eZè h(DUT DhU.Usa

elaDevv Me YY' ³' ³J³<³=Y

MMeZe & eBSe ikaeMDataESe kU@vglasg

UMle..U è' UMs( è' DDaiDUM è' aMDU è' UTTaM è' vUDe.@ xax è' .gLeMD è' SsM a

è Ml UMD aMe è –³+±=−è v TeBaMe DvSMP laie ieiô veBaeH Ut tatDeeM (e vi Ut Dva .i tUv

Dheav kUMDvU. HaDh kheLak .i Ml caUkUMDvU. seMDiè Sc.ag iSv . MD aie ie

hDDTiô99lUaèUvs9±+è±+μθ9 @+µ@±=@±±µ±@

MMeZe & vDak.e ikaeMDataESe kU@vglasg

a vkU è' iDa è' UiiaU è' UkeMDaMa è' eDvSkkaU è' DDaiDUM è Ml SsM a è

–³+±=−è kDaBaD( Ut e.ekDvU.(xel kal H Dev DUH vli DvSMP laie ie T DhUseMi aM sv TeBaMe

MSviev(è vgieMDg - Q aUvM De aDUT DU.Usakhe ³+±µ 8

MMeZe & SvvakS.SL aD e



@ ±Y @

Mlake

aMsv xa LeMDa èèÀÀèèÀÀèèÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀè±

a iiSMDU – Ms.eie' v Mkeie' D .a MU− ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèα

MaD- la akevk ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèμ

Mlake – Ms.eie' v Mkeie' D .a MU− ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀ±±

MDvUlSxaUMe seMev .e ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèèÀ±=

±è� UMDvU..U iUiDeMaca.e le..e L . DDae le.. BaDe ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀè±µ

±è±è� . v Le ..e iUiD Mxe M DSv .a aMMUB DaBeÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèè³±

±è³è� seMDa la caUkUMDvU..U ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèèè³³

³è� UMDvU..U iUiDeMaca.e le..e L . DDae le.. BaDe kUvve. De . leTevaLeMDU le.. BaDe ÀÀÀÀ³θ

³è±è� ULT.eiiaD- le..e L . DDae le. .esMU le.. BaDe ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀ³Y

³è³è� UMDvU..U le..e L . DDae le. .esMU aM BasMeDU e aM BaB aU ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀè³J

³èαè� TTvUkka aMMUB DaBa Tev a. LUMaDUv ssaU le..e L . DDae le. .esMU ÀÀÀÀÀÀÀÀÀèè³=

αè� kUTU le.. Deia ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèèè³μ

TaDU.U ± & vDakU.U ikaeMDatakU kkeDD DU Tev TScc.ak xaUMe iS eiD M seLeMD kaeMke Àèèα±

v DDevaxx xaUMe e iD ca.aD- le..ùalvUiia T DaDe tSMxaUM .axx D kUM kULTUiDa le. v Le– −

e TT.ak D DeiiSDa tUs.a va la è Tev . TvUDexaUMe le.. Ta MD

TaDU.U ³ & vDakU.U ikaeMDatakU iUDDULeiiU h(DUT DhU.Us( ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀYY

.SD xaUMe e le..ù DDaBaD- caU.Usak le..ùalvUiia T DaDe tSMxaUM .axx D kUM

kULTUiDa le. v Le– − Tev a. kUMDvU..U la T DUseMa tSMsaMa le.. BaDe

TaDU.U α & vDakU.U ikaeMDatakU aM TveT v xaUMe eiDakale aUkheLaiDv( Ml h(iaU.Us( èèèèèèèèèè=μ

aiDvacSxaUMe el ettak ka le..ùalvUiia T DaDe tSMxaUM .axx D kUM lSe kULTUiDa le.

v Le– −' Mea DeiiSDa .esMUia le.. BaDe kU.UMaxx Da l SM T DUseMU tSMsaMU B ikU. ve e

k v DDevaxx xaUMe le..e vaiTUiDe la latei DDaB De l .. Ta MD

UMk.SiaUMa e TvUiTeDDaBe ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèèμ=



@ ±J @

a iiSMDU iUiD Mxa .e aM v Mkeie ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèè±+±

a iiSMDU iUiD Mxa .e aM D .a MU ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀèÀ±³Y

ac.aUsv ta ÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀÀè±αY

..es DU & vDakU.U ikaeMDatakU kU@vel DDU

a eMM vU è è' DDaiDUM è' a vkU è' kaMa è' Deie è' UkeMDaMa è' ..aUDDa è

Ml SsM a è –³+±J−è ML MMel eva . ehak.e – −@c iel veLUDe ieMiaMs DU LUMaDUv

sv TeBaMe .e t iDvaTe laie ie HaDhaM BaMe( vl ttekDel c( eik kULT.eZè h(DUT DhU.Usa

elaDevv Me YY' ³' ³J³<³=Y

..es DU & eBaeH ikaeMDatak kU@vel DD

UMle..U è' UMs( è' DDaiDUM è' aMDU è' UTTaM è' vUDe.@ xax è' .gLeMD è' SsM a

è Ml UMD aMe è –³+±=−è v TeBaMe DvSMP laie ieiô veBaeH Ut tatDeeM (e vi Ut Dva .i tUv

Dheav kUMDvU. HaDh kheLak .i Ml caUkUMDvU. seMDiè Scc.ak DU aM . MD aie ie

hDDTiô99lUaèUvs9±+è±+μθ9 @+µ@±=@±±µ±@ è

..es DU & vDakU.U ikaeMDatakU kU@vel DDU

a vkU è' iDa è' UiiaU è' UkeMDaMa è' eDvSkkaU è' DDaiDUM è Ml SsM a è

–³+±=−è kDaBaD( Ut e.ekDvU.(xel kal H Dev DUH vli DvSMP laie ie T DhUseMi aM sv TeBaMe

MSviev(è veieMD DU Q aUvM De aDUT DU.Usakhe ³+±µ8

..es DU & SvvakS.SL aD e



@ ±= @

eMev . aMDvUlSkDaUM



@ ±µ @

±è� SiD aM c.e kUMDvU. Ut sv TeBaMe tSMs . laie iei

v TeBaMe – è− ai UMe Ut Dhe LUiD aLTUvD MD kvUTi HUv.lHale' lSe DU Dhe

TvUlSkDaUM Ut cUDh HaMe Ml D c.e sv Teiè iel UM DheLUiD vekeMD eiDaL DaUMi' sv TeBaMe

kUBevi =èY La..aUM h HUv.lHale Ml Y kUSMDvaei veTveieMD Y+ ∆ Ut Dhe HUv.l BaMe( vl iSvt ke

ve – T aM' v Mke' haM ' D .( Ml SvPe(−è TTvUZaL De.( h .t Ut Dhe s.Uc . h vBeiDel sv Te'

ai leiDaMel tUv HaMe TvUlSkDaUM' L PaMs M ekUMULak . MMS . DSvMUBev eiDaL Del vUSMl ³μ

La..a vl eSvUi /±çè MtUvDSM De.(' LUiD Ut Dhe kS.DaB vi Siel tUv HaMeL PaMs ve hash.(

iSikeTDac.e DU ieBev . T DhUseMi /³çè

aMke Dheav lattSiaUM tvUL Dhe Levak M kUMDaMeMD aM Dhe ±μDh keMDSv( –Dhe

k Si . seMD Ut lUHM( La.leH− Ml –Dhe k Si . seMD Ut TUHlev( La.leH− ve

Dhe LUiD aLTUvD MD sv TeBaMe tSMs . laie iei' Ml DUseDhev HaDh –Dhe k Si .

seMD Ut sve( LU.l− ve Dhe k Sie Ut Dhe . vseiD MSLcev Ut Dve DLeMDi aM BaMe( vli /αçè

M SvUTe' Dhe UUL(keDe V H i aMaDa ..( aleMDatael aM v Mke aM ±µ=µ tDev aDi TveiSL c.e

kkaleMD . aMDvUlSkDaUM c( Dhe aLTUvD DaUM Ut Levak M iTekaei veESavel tUv cveelaMs

TvUsv L Ut vUUDiDUkPi veiaiD MD DU Th(..UZev /θçè M Dhe tU..UHaMs (e vi Dhe T DhUseM H i

v Tal.( tUSMl aM ieBev . UDhev SvUTe M kUSMDvaei Ml Dhe t iD lattSiaUM H i . Dev DDvacSDel DU

Dhe UUiTUvei laiDvacSDaUM DhvUSsh iUa. Ml TvUT s DaMs L Deva . /Yçè SvaMs Dhe ³+Dh keMDSv('

lUHM( La.leH k Siel c( V ' cek Le Dhe LUiD ieBeve' iTve l Ml ekUMULak ..(

aLTUvD MD sv TeBaMe tSMs . laie ie aM Lall.e SvUTeè UHM( La.leH ttekDi .e Bei' tvSaDi' Ml

ihUUDi Ut sv TeBaMeiè D k Siei .Uiiei DhvUSsh l L saMs Dhe .e Bei cvaMsaMs DU T vDa . Uv DUD .

letU.a DaUM' l L se Uv .Uii Ut Dhe (USMs ihUUDi' Ml k SiaMs .UH@ES .aD( TvUlSkDaUM ST DU Dhe

tS.. .Uii Ut Dhe kvUTè Mlev UTDaL . He Dhev kUMlaDaUMi Ml HheM MU TvUDekDaUM ai TvUBalel'

lUHM( La.leH k M kDS ..( e ia.( leiDvU( Y+ DU =Y∆ Ut Dhe kvUT aM UMe ie iUM /Jçè eiTaDe Dhe

taviDi kUMDvU. Dve DLeMDi c iel UM .aLe@kUTTev aM Dhe tUvL Ut Dhe ceDDev@PMUHM Uvle SZ

LaZDSve Heve veBe .el i M ettakaeMD Ml Hale.( Siel tSMsakale' iasMatak MD T vD Ut Dhe

BaMe( vli h l DU ce eZT. MDel Ml Dhe LUve iSikeTDac.e V kS.DaB vi Heve iSciDaDSDel

HaDh ieBev . h(cvali UcD aMel c( kvUiiaMs V HaDh Levak M iTekaei /=çè

UHeBev' TUHlev( La.leHH i Dhe Bev( taviD Ml lai iDvUSi sv TeBaMe tSMs . laie ie TTe vel

aM SvUTe' i Dhe ve. Del T DhUseM H i leDekDel aM s. iihUSie aM Ms. Ml c( SkPev aM ±µθ=è

iiaBe eTaleLaki UBev ieBev . (e vi' eiTeka ..( aM H vL Ml lv( iUSDhevM vesaUMi' k Siel

iD ssevaMs .Uiiei Dh D UtDeM TTvU khel ±++∆ Ml eZDveLe.( kh Msel Dhe sv Te svUHaMs Ml

BaMe( vl L M seLeMDè UvDSM De.(' e v.( TT.ak DaUMi Ut iS.ThSv TUHlev veBe .el iasMatak MD

laie ie kUMDvU.' . Dev aMDesv Del c( LaZDSve Ut iS.ThSv' .aLe Ml H Dev /θ' µçè



@ ±μ @

M DeLTev De k.aL Dei HUv.lHale' sve( LU.l –Uv cUDv(Dai cSMkh vUD Ml c.ashD− k Siel c( Dhe

ikUL(keDe – evièô v−' ai tSvDhev aLTUvD MD laie ie Ut sv TeBaMei veiTUMiac.e

Ut eZDeMiaBe ekUMULak .Uiiei DhvUSsh sv Te leiakk DaUM' vUD Ml caUkheLak . kh Msei Dh D

velSke HaMe ES .aD( /μçè kUMULak .Uiiei L ( .iU levaBe tvUL Dhe kUiDi iiUka Del HaDh

L MS ..( iUvDaMs laie iel k.SiDevi Tve@ Uv TUiDh vBeiD' Ml tvUL Dhe .UHev B .Se Ut Dhe ttekDel

tvSaD /θçè

vUL Dhe iekUMl h .t Ut Dhe ³+Dh keMDSv(' kheLak . laie ieL M seLeMD H i DheLUiD ettekDaBe

Le iSve Siel HUv.lHale DU kUMDvU. sv TeBaMe T DhUseMi eiTeka ..( aM LUlevM BaDakS.DSveè

UMialevaMs Dh D Dhe tSMs . aMtekDaUMi ve L aM.( veiTUMiac.e tUv l L sei aM sv Te ES .aD( Ml

(ae.l .Uiiei' Dhe LUiD Siel TeiDakalei aM BaDakS.DSve ve tSMsakalei /±+çè

M Dhai kUMDeZD' Dhe TvUsveiiaBe aMkve ie Ut Dhe TvUlSkDaUM iD Ml vli' UtDeM veESavei M

aMDeMiaBe TeiDakale ikhelS.eè Tvekaie ES MDatak DaUM Ut Dhe i(MDheDak Uvs Mak TeiDakalei Siel

tUv Dhe sv TeBaMe TvUDekDaUM ai MUD B a. c.e Ml Dhe LUSMDi k M ce hash.( B va c.e leTeMlaMs

UM Dhe (e v' .Uk DaUM Ml Dhe ve. DaBe aLTUvD Mke Ut e kh laie ieè M seMev .' tSMsakalei kkUSMD

tUv Dhe . vseiD ih ve Ut TeiDakale TT.ak DaUMi aM LUiD BaMe( vli –HaDh M Bev se Ut ±³@±Y' ST

DU ³Y@α+ Dve DLeMDi aM DheLUiD TvUc.eL Dak kUMlaDaUMi−è UMieESeMD.(' UBev Dhe (e vi' ieBev .

Ml iTekatak i(MDheDak Uvs Mak tSMsakalei Heve leBe.UTel c( Dhe svUkheLak . aMlSiDv( Ml

TT.ael DU eMh Mke Dhe kUMDvU. Ut lUHM(La.leH' TUHlev(La.leH' sve(LU.l Ml ieBev . UDhev

TeiDiè Uve vekeMD.(' TvUc.eLi iiUka Del HaDh U.l i(MDheDak kDaBe iSciD Mkei Ml kUMiSLev

leL Ml tUv veialSe tvee TvUlSkDi h Be iDaLS. Del veie vkh aMDU MeH DUU.i tUv laie ie

L M seLeMD /αçè

M Dhe i Le (e vi' iSiD aM ca.aD( h i cekULe vekSvveMD DevL aM BaDakS.DSve Ml DhSi DDeMDaUM

DUH vli eMBavUMLeMD ..( tvaeMl.( Tv kDakei aM Dhe HaMe aMlSiDv( h i aMkve ielè SiD aM ca.aD(

DDeLTDi DU aMDesv De Tv kDakei Dh D ve ieMiaDaBe DU Dhe eMBavUMLeMD' iUka ..( eESaD c.e Ml

ekUMULak ..( te iac.e aMDU Dhe HaMe svUHaMs kUMDeZD /±±çè

M Dhai TeviTekDaBe' svUkheLak . kULT Maei ve aLel DU leBe.UT MeHLU.ekS.ei HaDh .UHev

DUZakU.Usak . TvUta.e tUv hSL M he .Dh Ml Dhe eMBavUMLeMD . TU..SDaUM' Ml MeH Lekh MaiLi

Ut kDaUM HaDh .UHev vaiP Ut leBe.UTaMs veiaiD MD T DhUseMi TUTS. DaUMiè M Dhe UDhev iale' Dhe

sv Te svUHevi ve iDaLS. Del DU kULcaMe ieBev . latteveMD kDaUMi aM Uvlev DU velSke Dhe aMTSD

Ut i(MDheDak Uvs Mak TeiDakalei UM Dhe kvUT i(iDeLè hai TTvU kh H i vekeMD.( letaMel Ml

TvULUDel i aMDesv Del BaDakS.DSve' Hhakh TvaMkaT.e kUMiaiDi DU eB .S De Ml eLT.U( .. iSaD c.e

DekhMaESei MlLeDhUli aM DheLUiD kULT Dac.e L MMev DUL aMD aM Dhe TeiD TUTS. DaUM .eBe.i

ce.UH DhUie k SiaMs ekUMULak l L se /±³çè
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he aMDesv DaUM Ut svUMULak Tv kDakei' iSkh i v DaUM . L M seLeMD Ut Dhe k MUT(' iUa. kUBev

sv ii Ml T. MD MSDvaDaUM' ai kULLUM eZ LT.e Ut Tv kDakei aLT.eLeMDel DU velSke Dhe laie ie

aMUkS.SL' c( aLTvUBaMs Dhe LakvUk.aL De Ut Dhe T. MD Ml BUalaMs kUMlaDaUMi t BUv c.e tUv Dhe

T DhUseMi leBe.UTLeMDè

MeH tvUMDaev UM Dhe velSkDaUM Ut Dhe tSMsakale TT.ak DaUM aM BaDakS.DSve ai veTveieMDel c( Dhe

B vaeDaei Dh D ve veiaiD MD9DU.ev MD DU sv TeBaMe laie iei' aM T vDakS. v.( lUHM( La.leH Ml

TUHlev( La.leHè aMke Dhe aMDvUlSkDaUM Ut V Ml V tvUL Levak DU SvUTe'

cveelaMs TvUsv Li Heve aMaDa ..( leBe.UTel aM v Mke c( kvUiiaMs veiaiD MD Levak M

iTekaei HaDh Dv laDaUM . SvUTe M V ' kve DaMs veiaiD MD h(cvali' Hhakh' hUHeBev' Heve

MU .UMsev kS.DaB Del cek Sie Ut Dhe SMleiavel Utt@t. BUv aM HaMe –tUZ( D aMD− /±α' ±θçè LUve

iSkkeiitS. cveelaMs TvUsv L H i leBe.UTel aM Dhe iekUMl h .t Ut . iD keMDSv( aM evL M( Ml

Dhe MeH kS.DaB vi Heve Dhai DaLe k. iiatael tUv ES .aD( HaMe TvUlSkDaUM' ceialei DU ce kkeTDel

c( Dhe sv Te svUHevi tUv Dheav hash ES .aD( Ml sUUl veiaiD Mkeè SvveMD.(' Dhe iSkh k ..el 6MeH

seMev DaUMùi h(cvali7 ihUH M Bev se velSkDaUM Ut T. MD TvUDekDaUM Dve DLeMDi Ut cUSD DHU

Dhavli /±Y' ±Jçè

he iSiD aM c.e kUMDvU. Ut Dhe L ,Uv sv TeBaMe tSMs . laie iei ai .iU ceaMs TevtUvLel c( Dhe

t vLev DhvUSsh Dhe TT.ak DaUM Ut M DSv . LU.ekS.ei Ml caUkUMDvU. seMDi c iel UM

LakvUUvs MaiLiè heie DUU.i veTveieMD kUMkveDe .DevM DaBe DU i(MDheDak kheLak .i' leiTaDe

Dh D ieBev . Ut Dhe eZaiDaMs iU.SDaUMi h Be iDa.. lv Hc kPi Uv .aLaDaMs t kDUvi' Hhakh TveBeMD

t iD STD Pe c( Dhe t vLevi /±=çè D Dhe i Le DaLe' Dhe iSiD aM ca.aD( ai .iU khaeBel c( Dhe

v DaUM . Sie Ut Dhe kheLak . tSMsakaleiè hai ai eBeM LUve aLTUvD MD tUv kUTTev@c iel

tSMsakalei' Hhakh ve iDa.. Dhe LUiD ettekDaBe TvUlSkDi ..UHel tUv Uvs Mak BaDakS.DSve aM ieBev .

kUSMDvaei /±µçè

eBevDhe.eii' i iSTTUiel c( evDUD V –³+±=−' iasMatak MD kh Mse aM Dhe sv TeBaMe kvUTTaMs

i(iDeL ai SM.aPe.( DU D Pe T. ke v Tal.( aM Dv laDaUM . ve i' iSkh i SvUTe' tUv cUDh' ekUMULak

–eèsè Dv laDaUM . B vaeDaei ve Siel tUv Dhe TvUlSkDaUM Ut LUiD Ut Dhe LUve TvUtaD c.e HaMei− Ml

eMBavUMLeMD . ve iUMi –eèsè hash BaiS . Mes DaBe aLT kD UM Dhe Dv laDaUM . . Mlik Te−è Uv Dhe

i Le ve iUMi' Dhe aMDesv Del TeiD L M seLeMD – − TTe vi Dhe LUiD TT.ak c.e TTvU kh

aM ihUvD DevL tUv Dhe velSkDaUM Ut Dhe TeiDakale Sie Ml Dhe ettakaeMD laie ie kUMDvU.è eialei

Dhe svUMULak . Tv kDakei' Dhe veiaiD MD9DU.ev MD kS.DaB vi' Dhe caU@TeiDakalei' Dhe DUU.cUZ

.iU aMk.Slei ieBev . kULTSDev@c iel tUvek iDaMs i(iDeLi' Hhakh iaLS. De Dhe T DhUseM k(k.e

Ml TvelakD Dhe UMieD Ml TvUsveii Ut Dhe ve. Del laie iei ..UHaMs DU UTDaLaxe Dhe DaLaMs Ut

tSMsakale TT.ak DaUMi /±μçè
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UBe. iDSlaei ve LUve Ml LUve llveiiel DU MeH TUDeMDa . D iPi ve. Del DU Dhe aMkve iaMs

lattSiaUM Ut kULT.eZ laie iei' Dhe TUiiac.e aMB iaUMi Ut .aeM iTekaei Ml Dhe UkkSvveMke Ut

T DhUseM iDv aMi veiaiD MD DU TeiDakaleiè M Dhai tv LeHUvP' Dhe leBe.UTLeMD Ut aMMUB DaBe DUU.i

DU eMh Mke Dhe caU.Usak . kDaBaD( Ut kDaBe iSciD Mkei L ( .e l DU kvSka . TSvTUiei Ut

iSiD aM ca.aD(' iSkh i Dhe LT.atak DaUM Ut Dhe kDaBaD( iTekDvSL Ut iSkh LU.ekS.ei Ml Dhe

iasMatak MD LUSMD velSkDaUM Ut Dhe TT.ael TeiDakaleè

±è±è� vUL kUTTev DU aMMUB DaBe M DSv . iSciD Mkei

Uv .UMs DaLe' Hale@iTekDvSL kUMD kD tSMsakalei h Be ceeM Dhe UM.( kULTUSMli B a. c.e tUv

kUMDvU..aMs sv TeBaMe laie iei /³+çè iTeka ..( UM lUHM( La.leH kUMDvU.' tvUL Dhe laikUBev( Ut

Dhe MDatSMs . kDaBaD( Ut kUTTev c( a..eD aM Dhe ±μDh keMDSv( Da.. Dhe taviD iSkkeiitS. sveeMhUSie

Dva .i HaDh MUM@kUTTev TvUlSkDi aM Dhe Lall.e Ut Dhe ³+Dh keMDSv(' Uvle SZ LaZDSve H i Dhe

UM.( UUL(keDe tSMsakale B a. c.e aM Th(DULelakaMe /³±çè

tDev Uv.l v ' ieBev . i(MDheDak Uvs Mak tSMsakalei Heve iSkkeiitS..( leBe.UTel Ml

TT.ael aM BaDakS.DSve' Dh MPi DU Dheav DekhMak . iD ca.aD(' .UH kUiD Ml hash ettakaeMk( UM Dhe

sv TeBaMe laie ie kUMDvU. /³³çè UveUBev' teHev TvUc.eLi HaDh Th(DUDUZakaD( Heve UcievBel aM

kULT vaiUM DU Dhe kUTTev@c iel tSMsakalei /³αçè UHeBev' . Dev' Dhe hash ettakaeMk( Ml

ie.ekDaBaD( Ut iSkh i(MDheDak Uvs Mak LU.ekS.ei Heve .iU iiUka Del DU iale ettekDi UM Dhe

hSL M he .Dh Ml Dhe eMBavUMLeMDè i kUMieESeMke' c( Dhe (e vi ieBev . tSMsakalei h Be

ceeM veLUBel tvUL DheL vPeD kkUvlaMs DU Dhe sSale.aMei tUv T. MD TvUDekDaUM TvUlSkDi aM Dhe

SvUTe M MaUM – avekDaBe ³++μ9±³µ9 ' esS. DaUM U ±±+=9³++μ−è

Ul (' Dhe LUiD aLTUvD MD tSMsakale aM Uvs Mak svakS.DSve ai kUTTev' ceaMs MUM@i(MDheDak

kULTUSMl HaDh Hale kDaBaD( iTekDvSL /³θçè

he caU.Usak . kDaBaD( Ut kSTvak tSMsakale ai .aMPel DU kUTTev aUMi S– − Dh D ve c.e DU

leM DSve TvUDeaMi Ml c.UkPaMs B vaUSi eMx(Lei Ut Dhe tSMs . iTUvei – i He.. i Ut Dhe c kDeva .

ke..i− /³Yçè UTTev c iel tSMsakalei h Be TveBeMD DaBe kDaUM Ml DhevetUve Dhe Dve DLeMDi

h Be DU ce TT.ael' tUv eZ LT.e aM Dhe k ie Ut lUHM(La.leH' cetUve M aMtekDaBe v aM' c( k.Uie.(

UcievBaMs He Dhev tUvek iDiè eiale Dhe lavekD DUZak ettekD' kUTTev .iU k Siei le. ( aM T. MD

svUHDh Ml h vleMaMs Ut tU.a se Ml cevvaei' Hhakh h i llaDaUM . ceMetaD iSkh i TvUDekDaUM

s aMiD iekUMl v( T DhUseMi Ml k.aL Dak iDveii /³Jçè

UHeBev' LUMs Dhe iale ettekDi ve. Del DU Dhe kUTTev Sie' Dhe eZDeMiaBe kUTTev kkSLS. DaUM

aM iUa.i ai veiTUMiac.e Ut ievaUSi eMBavUMLeMD . TvUc.eLi /³=ç' veiS.DaMs aM . Hi Hhakh .aLaD aDi

Sieè Uv Dhai ve iUM' Dhe ettak k( Ut velSkel kUTTev lUiei –.UHev Dh M Dhe lUi sei
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vekULLeMlel UM kSTvak tSMsakale . ce.i− tUv Dhe kUMDvU. Ut lUHM( La.leH' ai Uc,ekD Ut

aMBeiDas DaUMi' aM Uvlev DU l TD DU .esai. DaBe veiDvakDaUMi /³θ' ³µçè

DSv . .DevM DaBei DU kUTTev@c iel tSMsakalei Ml DU TeiDakalei aM seMev . ve kULLUM.(

iSaD c.e tUv Sie aM Uvs Mak svakS.DSveè Skh kULTUSMli kULe tvUL L M( latteveMD iUSvkei

–eèsè' T. MD' MaL .' LakvUca . Ml LaMev .− Ml TveieMD latteveMD LUlei Ut kDaUM –eèsè'

MDacaUiai' aMlSkDaUM Ut veiaiD Mke' h(Tev@T v iaDaiL' kULTeDaDaUM tUv iT ke Ml MSDvaeMDi−è he

L ,UvaD( ve LakvUca . Ml cUD Mak . kDaBe aMsvelaeMDi TveieMDel i e v.(@iD se eZTevaLeMD .

kULTUSMli –TvUTUiel c( veie vkh aMiDaDSDaUMi−' kULTUSMli aM Dhe lB Mkel iD sei Ut

leBe.UTLeMD –kULLevka . L MSt kDSvevi− Ml iSciD Mkei B a. c.e aM Dhe L vPeDi

–kULLevka . TvUlSkDi−è

MxUDDU V –³+±J− h Be eZDeMiaBe.( veBaeHel Dhe caU.Usak . kDaBaD( Ut Dhe iSciD Mkei Dh D

LUMs Dhe aMUvs Mak kULTUSMli Uv Dhe Uvs Mak kheLak . aMlSkevi Ml M DSv . eZDv kDi –T. MD

eZDv kDi' tSMs . eZDv kDi Ml kULTUiD eZDv kDi−' Heve tUSMl DU ce ettekDaBe UM Dhe kUMDvU. Ut

Dhe L ,Uv sv TeBaMe laie iei k Siel c( tSMsa Uv UUL(keDeiè Uv L M( Ut Dheie kULTUSMli'

Dhe vU.e aM Dhe T. MD laie ie veiaiD Mke Lekh MaiLi Heve hash.ashDel Ml Dhe( Heve eBeMDS ..(

kUMialevel tUv eZT.UaD DaUM aM kvUT TvUDekDaUM /³μçè he TUiiaca.aDaei tUv Dhe Tv kDak . TT.ak DaUM

Ut aMlSkel veiaiD Mke aM laie ie L M seLeMD ve laikSiiel c( .Devi V –³+±α− /α+çè

UHeBev' i veTUvDel aM Dhe i Le veBaeH' M DSv . kULTUSMli .UMe ve LUiD.( aMk T c.e Ut

eMiSvaMs iSttakaeMD TvUDekDaUM SMlev hash .eBe.i Ut laie ie TveiiSveè

±è³è� aUkUMDvU. seMDi

M .DevM DaBe iDv Des( DU velSke Dhe Sie Ut kheLak . TeiDakalei tUv iSiD aM c.e BaDakS.DSve ai

veTveieMDel c( Dhe TT.ak DaUM Ut caUkUMDvU. seMDi – i−è Skh TTvU kh ai ceaMs Hale.(

TT.ael aM Uvs Mak t vLaMs i(iDeLi i He.. i HaDhaM Dhe aMDesv Del TeiD L M seLeMD – −

iDv Des(' Dh MPi DU Dheav Bev( .UH eMBavUMLeMD . aLT kD /³θçè

. MDi aMDev kD HaDh L M( LakvUca . Uvs MaiLi .aBaMs aMiale Dhe T. MDi' i eMlUTh(Dei' Uv UM Dhe

eZDevM . iSvt ke' i eTaTh(Deiè Teka . DDeMDaUM h i ceeM saBeM DU tSMsa Ml c kDeva ' kDaMs i

caUkUMDvU. seMDi' T. MD svUHDh@TvULUDaMs seMDi Ml veiaiD Mke aMlSkeviè kevD aM MSLcev

Ut i h Be .ve l( ceeM aMBeiDas Del Ml TvULUDel tUv Dheav MDatSMs . kDaBaD( Ml Dhe

iDaLS. DaUM Ut Dhe T. MD leteMie veiTUMiei' eiTeka ..( UM Dhe kUMDvU. Ut Dhe sv TeBaMe La.leHi

Ml Dhe sv TeBaMe DvSMP laie iei /³μçè

UveUBev' L M( i HaDh sUUl TvUDekDaUM k T kaDaei SMlev . cUv DUv( kUMlaDaUMi lal MUD

h Be Dheav TevtUvL Mkei kUMtavLel aM tae.l DeiDi /³+çè eBev . t kDUvi' iSkh i caUDak Ml caUDak
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iDveiiei' T. MD&iUa. aMDev kDaUMi' k.aL Dak kUMlaDaUMi' L ( kUMDvacSDe DU Dhe veiS.Di B va ca.aD('

.aLaDaMs Dhe eZT.UaD DaUM Ut Dhe MD sUMaiDak k T kaDaei Ut i /α±' α³çè SvDhevLUve' Dhe

iTekatak LakvUca . iDv aM Uv' i tUv Dhe M DSv . kULTUSMli' Dhe D(Te Ut tUvLS. DaUM k M

iasMatak MD.( ttekD Dhe TvUDekDaBe ettak k(' Hha.e Dhe ettekDaBeMeii Ut Dhe i Le i k M lattev

leTeMlaMs UM Dhe sv Te kS.DaB vi /ααçè

M Dhai kUMDeZD' kUMialevaMs Dheav TveBeMD DaBe kDaBaD( Ml Dheav aMkUMiaiDeMD ettak k(' LUiD Ut

Dhe caU.Usak . TvUlSkDi h Be DU ce TT.ael c( Dhe sv Te svUHevi HaDh T vDakS. v DDeMDaUM Ml

aM Dhe Le MDaLe' Dhe( veESave Dhe leBe.UTLeMD Ut iTekatak TvUDekDaUM iDv Desaei aM BaMe( vli

/α+çè
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³è� SiD aM c.e kUMDvU. Ut Dhe laie iei ve. Del DU Dhe lek.aMe Ut sv TeBaMe

he sv TeBaMe TvUDekDaUM ai eBeMLUve kh ..eMsaMs aM Dhe kUMDvU. Ut laie iei Dh D ve iDa.. TUUv.(

SMleviDUUl .aPe Dhe UMei veiTUMiac.e tUv Dhe sv TeBaMe (USMs lek.aMe' Hhakh ai ieBeve.(

ttekDaMs Dhe BaMe( vl TvUlSkDaBaD( HUv.lHaleè D ai Dhe k ie Ut Dhe sv TeBaMe DvSMP laie iei

– i− Dh D ve cekULaMs ievaUSi TvUc.eL aM BaDakS.DSve' aM cUDh SvUTe Ml vUSMl Dhe HUv.l

/αYçè he HUv.lHale ekUMULak kUiD tUv Dhe veT. keLeMD Ut le l sv TeBaMei ai vUSsh.(

eiDaL Del DU ce UBev ±èY ca..aUM lU.. vi Tev (e v /αYçè i ve L ,Uv laie iei ttekDaMs cUDh

(USMs Ml U.l BaMe( vli' velSkaMs Dheav TvUlSkDaBaD( Ml .UMseBaD(' Dhevec( k SiaMs

kUMialev c.e ekUMULak .Uii DU Dhe aMlSiDv( /αJçè

UUl laie iei h Be ceeM PMUHM Ml He.. leikvacel aM .aDev DSve tUv Dvee kvUTi' cSD Dheav

kSvveMD lattSiaUM Ml aMkve ie aM ieBevaD( HUv.lHale /α=' αµç aM L M( latteveMD kvUTi L ( ce

h(TUDheiaxel DU ce iULehUH .aMPel DU k.aL De kh Msei Ml SMlUScDel.( ve. Del DU LUlevM

Tv kDakei Ut Dhe aMDeMiaBe BaDakS.DSve /αμçè

i ttekD DheL aM DvSMP Ml kUvlUMi Ut Dhe BaMe Ml TTe v i kULT.eZ Ut ieBev . laie iei

k Siel c( T DhUseMi Dh D Heve iiUka Del DU iTekatak ve. Del i(LTDULiô UDv(UiTh eva

laec kP Ml SD(T laec kP' k Siel veiTekDaBe.( c( Uv tSMs .

T DhUseMi ve cekULaMs aMkve iaMs.( aLTUvD MD' hULUTiai laec kP k Siel c(

' Ml UDhev iTekaei' Dhe c. kP tUUD laie ie k Siel c( Ml

iTekaei Dh D D(Tak ..( ttekDi Dhe vUUDi Ml kU.. vi Ut (USMs BaMei' Ml Dhe LUiD

kULLUM Ml l L saMs kULT.eZ Ut laie iei aM SvUTe' Dhe eik laie ie kULT.eZ' Hhakh

aMBU.Bei B ikS. v tSMs . T DhUseMi' lek ( seMDi Ml Dheav .aPe.( aMDev kDaUM HaDh k MPev

T DhUseMi /α' αθçè M Dhai kULT.eZ tv Le' kvSka . iTekD tUv Dhe leBe.UTLeMD Ut Dhe i ai

Dhe aMDev kDaUM ceDHeeM ieBev . T DhUseMi' aMk.SlaMs Dheav t kDUvi Ut T DhUseMakaD( Ml Dhe

Th(iaU.Usak . iD DSi Ut Dhe T. MD /θ+çè

MDa. iULe lek lei sU' i MUvL ..( l L sel L aM.( U.l T. MDi' Ml Dhe iSciDaDSDaUM Ut

ttekDel BaMei HaDh he .Dh( UMei H i kULLUM Ml ettakaeMD H ( Ut veiDvakDaMs Dhe

laiieLaM DaUM Ut Dhe laie ie /θ±çè ekeMD.(' Dheie laie iei h Be ceeM UcievBel DU ce aM v Tal

lattSiaUM Ml DU ttekD eBeM ³@ Uv α@(e v@U.l T. MDiè UH l (i' i TTe v UtDeM aM BaMe( vli

Dh D ve UBev =@(e v@U.l /θ³çè

es vlaMs Dhe iSiD aM c.e kUMDvU. Ut i' UBev Dhe (e vi Hale v Mse Ut veie vkh kDaBaDaei

h i ceeM aMDevM DaUM ..( TvULUDel' TvUlSkaMs leeTev SMleviD MlaMs Ut Dhe laie iei' Dheav

eDaU.Us(' caU.Us(' eTaleLaU.Us( cSD iDa.. .UD Ut ESeiDaUMi veL aMel UTeM UM laie ie

L M seLeMD /θαçè
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hai ai .aMPel DU ieBev . kvaDak . iTekDi' ceiale Dhe iDa.. aMkULT.eDe PMUH.else Ut Dhe i(LTDULi

eZTveiiaUM Lekh MaiLi' eiTeka ..( aM Dhe LUiD ievaUSi eik laie ie kULT.eZ Ml Dhe ve. Del

sv TeBaMe .e t iDvaTe laie ie – −è

³è±è� ULT.eZaD( Ut Dhe sv TeBaMe DvSMP laie iei

taviD kvaDak . iTekD UM Dhe iSiD aM c.e kUMDvU. Ut i' ai ve. Del DU Dhe . kP Ut TvUlSkDi HaDh

.UH DUZakaD( cSD sUUl ettak k( tUv Dhe kUMDvU. Ut Dheie laie ieiè UlaSL vieMaDe H i kUMialevel

Dhe UM.( kheLak . seMD ettekDaBe UM eik laie ie kULT.eZ' kDaMs c( aDi kkSLS. DaUM aM Dve Del

DaiiSei /θθçè M(H (' lSe DU aDi hash DUZakaD(' iUlaSL vieMaDe ai MUD ..UHel M( LUve aM

BaDakS.DSve /θYçè

TvULaiaMs & DhUSsh .UH & velSkDaUM aM laie ie aMkaleMke H i UcD aMel vekeMD.( aM tae.l Dva .i

HaDh kUTTev tUvLS. Dei Dh D kUS.l T vDa ..( TeMeDv De Dhe HUUl /θJç' TvUc c.( aLT avaMs Dhe

svUHDh Ml LeD cU.aiL Ut Dhe aMBU.Bel tSMs . T DhUseMiè hai taMlaMs UTeMel MeH tae.l Ut

veie vkh UM Dhe TT.ak DaUM Ut HUUl TeMeDv DaMs TvUlSkDi' v Dhev Dh M i(iDeLak UMei' i ST DU

MUH Dhe UM.( i(iDeLak TvUlSkD Dh D s Be iULe kUMiaiDeMD Ml TvU.UMsel ettak k( aM velSkaMs

aMkaleMke ai tUieD(.@ .SLaMaSL' tSMsakale Siel DU kUMDvU. V q aDi kDaBaD( TTe vel

.aMPel DU aDi ca.aD( DU kDaB De leteMke veiTUMiei /θ=çè

iekUMl kvaDak . iTekD ai ve. Del DU Dhe aMettekDaBe TvUDekDaUM Ut TvSMaMsHUSMli' L ,Uv TUaMD

Ut TeMeDv DaUM tUv .. HUUl tSMs . seMDiè he kULLevka ..( B a. c.e TvUlSkDi Heve ettekDaBe

aM BaDvU /θµç' cSD Heve MUD c.e DU eMiSve TeviaiDeMD TvUDekDaUM kULT vel HaDh Dhe TvU.UMsel

iSikeTDaca.aD( Ut TvSMaMs HUSMli /θμçè U Dhai aL' Dhe TT.ak DaUM Ut i c iel UM iTekaei Ut

iTekaei H i iDSlaelè eiS.Di khaeBel aM ieBev . (e vi Ut eZTevaLeMDi lal veBe .

iULe TUiaDaBe ettekDi UM i(LTDULi i Dhe kU.UMaxei Dhe HUSMl' ..UHaMs TvU.UMsel

aMDev kDaUM HaDh Dhe T. MD /Y+çè

Dhavl kvaDak . iTekD' cehaMl Dhe lattakS.Daei aM Dhe kUMDvU. Ut Dheie HUUl laie iei' Ml aM

T vDakS. v Ut ' ai Dh D Dhe T DhUseMi ve .Uk .axel aM Dhe HUUl DaiiSe cSD Dhe k Siei Ut Dhe

i(LTDULi eZTveiiaUM aM Dhe .e Bei ve .aMPel DU Dhe leteMke ve kDaUM kDaB Del aM Dhe tU.a se

c( Dhe TvUlSkDaUM aM Dhe HUUl Ut Th(DUDUZaMi Dv Mi.Uk Del Ba Dhe B ikS. v DaiiSe' SMlev Dhe

aMt.SeMke Ut UDhevi @ MUD He.. leDevLaMel @ eMBavUMLeMD . kUt kDUviè M Dhai BaeH' iULe TUiaDaBe

veiS.Di Heve UcD aMel HaDh tU.a v MSDvaeMD TT.ak DaUMi' HhUie ettak k( kUS.l ce iDvUMs.(

aLTvUBel c( ceDDev laiDvacSDaUM Ml TeMeDv DaUM Ut Dhe TvUlSkD /Y±çè

M Dhai lavekDaUM' veie vkh svUST tvUL Dhe MaBeviaD( Ut UaDaevi – v Mke− vekeMD.( aMBeiDas Del

DHU D(Tei Ut kULTUSMli HaDh latteveMD Ml kULT.eLeMD v( LUlei Ut kDaUMè taviD iDSl( H i
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TevtUvLel SiaMs LUlatael eZaiDaMs LU.ekS.ei DU UcD aM TvUlSkDi c.e DU LUBe' tDev tU.a v

TT.ak DaUM' aMDU Dhe sv TeBaMe DvSMP Hheve T DhUseMi ve .Uk .axelè iekUMl iDSl( iiUka Del

Dheie LUca.e iSciD Mkei DU LU.ekS.ei c.e DU iDaLS. De T. MD leteMkeiè /Y³çè

³è³è� UMDvU. Ut sv TeBaMe DvSMP laie iei aM cUDh BaMe( vl Ml MSviev(

he kUMDvU. Ut i veTveieMDi cas kh ..eMse tUv HaMesvUHevi' MSviev(LeM' DekhMaka Mi Ml

ikaeMDaiDi L aM.( cek Sie Ut Dheav kULT.eZaD( kULT vel DU UDhev sv TeBaMe laie iei .aPe

TUHlev(@ Ml lUHM(@La.leH' tUv aMiD Mkeè he kUMDvU. Ut i ai k.e v eZ LT.e Ut Dhe Meel

tUv M aMDesv Del L M seLeMD TTvU khè M t kD' Dhe hash aMtekDaUM vaiPi aM MSvievaei Ml

BaMe( vli Ml Dhe . kP Ut kSv DaBe Dve DLeMDi h Be eMkUSv sel Dhe ale Ut Dv MiBevi .

iDv Des( tUv Dhe i kUMDvU. .UMs Dhe sv TeBaMe svUHaMs iekDUv /α' Yαçè

eiTaDe Dhe . kP Ut leBe.UTel DUU.i Uv TvUDUkU.i HaDh iTekatak ettak k( s aMiD i T DhUseMi'

Dhe LeDakS.USi L M seLeMD Ut iUSvke LUDhev c.UkPi ai Dhe taviD iDeT DU TveBeMD aMtekDaUMi aM

sv TeBaMe TvUT s DaMs L Deva . D Dhe MSviev( iD seè he LUiD ettekDaBe Tv kDakei aM MSviev(

ve Dhe TT.ak DaUM Ut sUUl h(saeMak Le iSvei Ml Dhe TveBeMDaUM Ut Dhe k Mei kUMD LaM DaUM

HheMeBev Dhe TvUT s DaMs L Deva . ai HUSMlel Ml kSDè ekUsMaxaMs Dhe kvaDak . aLTUvD Mke Ut

Dheie DHU t kDUvi v aiei Dhe aiiSe Ut TUiiac.e veleiasM Ut Dhe eMDave MSviev( TvUlSkDaUM

TvUkeii /Yθ' YY' YJçè

SiD aM c.e kUMDvU. DUU.i' .ve l( leBe.UTel tUv MSviev( TT.ak DaUMi' aMk.Sle TvaL va.( Dhe Sie

Ut i' aM T vDakS. v ieBev . iTekaei' Hhakh UM ieBev . iDSlaei Heve tUSMl DU ce

ettakaeMD s aMiD iULe Ut Dhe L aM T DhUseMi ve. Del DU i /Y=' Yµçè

he ceDDev PMUHM hUD H Dev Dve DLeMD ai tveESeMD.( Siel tUv UcD aMaMs kULLevka . T. MDi aM

sUUl i MaD v( kUMlaDaUMiè Skh Dve DLeMD ai seMev ..( TevtUvLel D Y+W tUv α+ LaM' cSD aD ai

iDveiitS. tUv Dhe T. MD /YJç Ml iDa.. B va c.e veiS.Di aM DevLi Ut ettak k( Ml T. MD ES .aD( Heve

veTUvDel /αJçè eBevDhe.eii' tSvDhev eZTevaLeMD DaUM ai Meelel DU B .al De Dhe TT.ak ca.aD( Ml

ettakaeMk( Ut aMMUB DaBe Ml .UH aLT kD kUMDvU. DUU.i iSkh i v Mse Ut i MaDax DaUM TvUlSkDi

/Yθç Ml Dhe Sie Ut UxUMaxel H Dev /Yµçè

LUMs Dhe TTvU khei aLel DU velSke Dhe i(LTDULi ve. Del DU i aM BaMe( vl' tU.a v

Dve DLeMDi c iel UM LaMev .i Ml ie Heel eZDv kDi /Yμç Uv leteMie aMlSkevi iSkh i tUieD(.@

. /θθç Heve tUSMl DU ce ettak k( UM Dhe MSDvaDaUM Ml leteMie@aMlSkaMs t kDUvi iiUka Del DU

–eik laie ie kULT.eZ−è UHeBev' iSkh TT.ak DaUMi ihUS.l ce tSvDhev eZT.Uvel DU Bevat(

Dhe .UMs@DevL ettakaeMk( UM velSkaMs LUvD .aD( Ml L aMD aMaMs TvUlSkDaBaD( aM eZaiDaMs i

ttekDel BaMe( vliè
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UBe. TUDeMDa . kSv DaBe DUU.i ve LUve UvaeMDel DU aMDev kD HaDh Dhe kDaBaD( Ut Dhe DvSMP

T DhUseMi kU.UMaxaMs HUUl Ml Dheav BavS.eMke t kDUviè ekeMD.(' tUvLS. DaUMi c iel UM kUTTev

Ml kU@tUvLS. MDi Heve TvUTUiel DU ce TT.ael lavekD.( DU Dhe HUUl aM Uvlev DU iaLS. De Dhe

i Le Lekh MaiL Dh D H i TvUc c.( kDaB Del c( HaMDev iTv (aMs Ut Dhe k vkaMUseM iUlaSL

vieMaDe' MU .UMsev TT.ak c.e /θJçè M T. MDi ttekDel c( ieBeve i(LTDULi aD ai .iU iSsseiDel

DU TT.( Le iSvei Ut DvSMP iSvsev(' kUMiaiDaMs UM Dhe DvSMP veMeH .' ve@sv tDaMs Ml

6kSveDD se7' Hhakh .el DU iasMatak MD veLUB . Ut Dhe ttekDel HUUlè D ai M aMB iaBe DekhMaESe

cSD tveESeMD.( SietS. tUv TvU.UMsaMs Dhe TvUlSkDaBaD( Ut Dhe BaMe( vl /J+' J±çè

TveBeMD DaBe TTvU kh aM BaMe( vl ai .iU hash.( vekULLeMlelè aviD Ut ..' veLUBaMs Ml

cSvMaMs cv Mkhei' le l9l(aMs BaMei' TvSMaMs veialSei' ve eiieMDa . Tv kDakei DU .aLaD Dhe

iTve l Ut aMUkS.SLè D ai .iU aLTUvD MD DU .aLaD Ml TvUDekD TvSMaMs HUSMli Ml DU veLUBe Dhe

le l T vD Ut Dhe DvSMP Uv vLi Uv at Mekeii v(' DU veT. ke kULT.eDe.( Dhe i(LTDUL Dak T. MD

/J³çè UveUBev' laie ie L M seLeMD Tv kDakei c iel UM iUa. aLTvUBeLeMD Ml T. MD@c iel

veiaiD Mke DU aMtekDaUM' ihUS.l ce aMBeiDas Del aM Uvlev DU L aMD aM Dhe BaMe aM aDi ceiD kUMlaDaUM

ve l( DU ve kD DU aMtekDaUM Ml i(LTDUL leBe.UTLeMD /Jαçè

UHeBev' Dhe TvSMaMs HUSMl TvUDekDaUM –L aM.( TT.(aMs tUvLS. DaUMi c iel UM iDv aMi Ut

iTTè− s aMiD aMtekDaUM' kDS ..( TTe vi Dhe LUve TvULaiaMs TveBeMDaBe Le iSve

DU kUMDvU. Dhe i lattSiaUM Dh D ai B a. c.e aM Dhe L vPeD /³μ' Y=çè SvDhev Dva .i ve ceaMs

TevtUvLelHaDh HUSMl TvUDekD MDi c iel UM Th(iak . c vvaevi' HhakhL ( veTveieMD aMMUB DaBe

DUU.i tUv Dhe tSDSve /Jθçè

he aMDesv Del kUMDvU. iDv Des( s aMiD i ihUS.l kUMialev .. Dhe t kDUvi TUDeMDa ..(

veiTUMiac.e tUv l(itSMkDaUMi Ut Dhe H Dev Ml i T Dv MiTUvD' i He.. i Dhe T. MD veia.aeMke'

aMk.SlaMs TvSMaMs' Dv aMaMs' MSDvaDaUM' TvUDekDaUM Ml iUa. L M seLeMDè Uv aMiD Mke' Dhe DHU

taviD LeDhUli L ( MUD UM.( kve De aMtekDaUM Makhei tUv T DhUseMi' cSD .iU TevDSvc Dhe H Dev

t.UH Ml c . Mke aM Dhe BaMe /JYçè UMieESeMD.(' H Dev t.UH letakaeMk( h i TvaL v(' cSD MUD

eZk.SiaBe' ettekD UM Dhe T DhUseM BavS.eMke t kDUvi –aèeè Th(DUDUZaMi−' .e laMs .iU DU velSkDaUM

aM ThUDUi(MDheiai kDaBaD( /θ+ç Ml aM LUiD kSDe kUMlaDaUMi' DU Dhe BaMe lek.aMe' .Uii Ut

TvUlSkDaUM Ml BaMe le Dhè

³èαè� MMUB DaBe TTvU khei tUv sv TeBaMe DvSMP laie iei LUMaDUvaMs

he TeviTekDaBei tUv ettakaeMD kUMDvU. kUS.l D Pe lB MD se Ut cUDh Dhe PMUH.else

veievBUav Ml Dhe UMsUaMs MeH aMiashDiè hU.aiDak BaeH Ut Dhe TvUc.eL kUS.l ce Dhe Pe( DU letaMe

HaMMaMs iDv Desaei tUv Dhe kUMDvU. Ut i' HhUie LUle. kUS.l .iU ce TT.ael tUv Dhe kUMDvU.



@ ³µ @

Ut UDhev kULT.eZ T. MD laie iei /Yαçè M Dhai kUMDeZD' Dhe leBe.UTLeMD Ut MeH DUU.i DU leDekD

Ml LUMaDUv kUMiD MD.( Ml ettakaeMD.( Dhe BaMei he .Dh iD DSi ai ve . kh ..eMse' eiTeka ..( aM

BaMe( vl he Ba.( ttekDel c( iè

LUMs i' UMe Ut Dhe LUiD Hale.( iTve l aM SvUTe M BaMe( vli ai /JJç' HhUie

i(LTDULi aMk.Sle D(Tak . tU.a v aMDevBeaM . MekvUiai' saBaMs Dhe .e Bei D(Tak . Dasev@iDvaTe

TTe v Mke Dh D L ( MUD TTe v aM eBev( svUHaMs ie iUMè hai laikUMDaMSaD( Ut .e t i(LTDULi

UM e kh iaMs.e BaMe L Pei aD .LUiD aLTUiiac.e DU leDevLaMe Dhe DvSe aMkaleMke Ut eik aM

BaMe( vl D M( saBeM DaLe' i L M( aMtekDel BaMei L ( MUD ihUH i(LTDULi eBev( (e v /J=çè

M( SDhUvi k.e v.( leLUMiDv Del lv iDak .Dev DaUM Ut ThUDUi(MDheDak tSMkDaUMi i He.. i

iDaLS. DaUM Ut leteMie veiTUMiei aM ttekDel sv TeBaMei ieBev . l (i cetUve Dhe TTe v Mke

Ut Dhe taviD Baiac.e i(LTDULi UM .e Bei /Jµ' Jμçè

a eMM vU V –³+±J− TvUTUiel M aMMUB DaBe TTvU kh tUv LUMaDUvaMs' c iel UM Dhe

kUvve. DaUM ceDHeeM UvL .axel atteveMke eseD DaUM MleZ – − aL sei kESavel c( M

– ML MMel eva . ehak.e− T. DtUvL' Ml i(LTDUL Dak T. MD LUMaDUvel c( svUSMl@c iel

UcievB DaUMè he aMMUB DaBe LeDhUlU.Us( H i aLel TvaL va.( DU kUMlSkD ES MDaD DaBe Ml

ES .aD DaBe M .(iai Ut Dhe i(LTDUL iTve l' Ml DheM DU ve .axe TvelakDaBe LUle. Ut Dhe eik

i(LTDULi UMieDè he iDSl( h i TvUlSkel B .S c.e veiS.Di Dh D aMlak De MeH TUiiaca.aDaei tUv Dhe

Sie Ut veLUDe ieMiaMs DekhMU.Usaei tUv TvekaiaUM BaDakS.DSveè te DSvei' iSkh i .UH kUiD'

k T ca.aD( Ut DaLe.( TvUBaiaUM Ut hash veiU.SDaUM aL sei' TvUBale M TTvU kh Dh D k M ce e ia.(

TT.ael tUv aMBeiDas DaUM Ml laie ie kUMDvU. iDv Des( T. MMaMs aM BaMe( vliè heieLeDhUli ve

.aPe.( DU ce SietS.' cUDh tUv veie vkh Ml tUv Tv kDak . TT.ak DaUMi aM BaDakS.DSveè

v.( leDekDaUM kUS.l .iU iSTTUvD Dhe T. MMaMs Ml DeiDaMs Ut ekUMULak ..( veH vlaMs tae.l

Dve DLeMDi' Uv Dhe TT.ak DaUM Ut iTekatak kUMDvU. LeDhUli UM Dhe iaMs.e BaMei cetUve Dhe( ihUH

Dhe i(LTDULiè he TT.ak DaUMi Ut iSkh TvelakDaBe DUU. kUS.l UTeM MeH TeviTekDaBei aM Dhe

PMUH.else Ml kUMDvU. Ut Dhai aLTUvD MD sv TeBaMe laie ie' HaDhaM Dhe aMkve iaMs leBe.UTLeMD

Ut Dhe TvekaiaUM svakS.DSve TTvU khei aM BaDakS.DSve /=+çè
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αè� aL Ut Dhe Dheiai

he TveieMD veie vkh vaiei tvUL Dhe TeviTekDaBei UTeMel c( TveBaUSi TT.ak DaUMi Ut aMUvs Mak

kv(iD .i c iel UM iTekatak Th ie Ut Dhe caULaLeDak k .kaSL ThUiTh De' Dhe h(lvUZ( T DaDe

– −' Hhakh h i ceeM eZDeMiaBe.( iDSlael Ml TT.ael aM L M( tae.li /=±' =³' =αçè

iel UM Dhe iSkkeiitS. TT.ak DaUMi TevtUvLel aM Dhe caULelak . tae.l' iSkh aMMUB DaBe

iL vD L Deva . k M TUDeMDa ..( kD i le.aBev( i(iDeL Ut kDaBe iSciD Mkei' aMk.SlaMs LeD .

aUMi' iSkh i kUTTev– −' Ml Uvs Mak kULTUSMliè Me Ut Dhe L aM aMBeiDas DaUM H i TevtUvLel

aM LelakaMe' DU veT. ke kheLUDhev T( aM Dhe Dve DLeMD Ut cUMe k Mkev' Dh MPi DU Dhe

tSMkDaUM .ax DaUM Ut HaDh M MDak Mkev LU.ekS.e /=θ' =Yç' Hha.e iekUMl ettekDaBe

TT.ak DaUM H i khaeBel DhvUSsh Dhe leBe.UTLeMD Ut DUUDhT iDe c iel UM Dhe i Le

L Deva .' tSMkDaUM .aiel HaDh xaMk aUMi' aM Uvlev DU veT. ke t.SUvaMe' ' DaD MaSL laUZale Ml

T v ceMi /=Jçè

M Dhai tv LeHUvP' Dhe veie vkh ai aLel DU iieii' DhvUSsh LS.DalaikaT.aM v( TTvU kh' Dhe

leBe.UTLeMD Ml TT.ak DaUM Ut DU eMh Mke Dhe caU.Usak . kDaBaD( Ut kDaBe iSciD Mkei tUv

Dhe kUMDvU. Ut tSMs . laie iei aM è

hai aL veiTUMli DU kvSka . sU .iô –a− Dhe velSkDaUM Ut Dhe LUSMD Ut Dhe kheLak . tSMsakalei

SiS ..( eLT.U(el UM Dhe sv TeBaMe TvUDekDaUM' –aa− Dhe UTDaLax DaUM Ut Dhe kDaBe iSciD Mke

laiDvacSDaUM' TeMeDv DaUM Ml TeviaiDeMke HaDhaM Dhe T. MD DaiiSei' –aaa− Dhe TUDeMDa . TT.ak DaUM

aM T DhUseM kUMDvU. eBeM aM B ikS. v Ml kULT.eZ laie ieiè

he eZTevaLeMD . kDaBaDaei Ml Dhe ve. Del veiS.Di ve TveieMDel Ml laikSiiel kkUvlaMs DU

Dhe tU..UHaMs kDaUMiô –a− kh v kDevax DaUM Ml iD ca.aD( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh

kUTTev– − kULTUSMli' TT.ael DU .e t DaiiSei Ut è tUv T. MD TvUDekDaUM TSvTUieiq

–aa− Ml eB .S DaUM Ut Dhe caU.Usak . kDaBaD( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh

kUTTev– − kULTUSMli UM Dhe sv TeBaMe tSMs . T DhUseMi kUMDvU.q –aaa− eB .S DaUM Ut Dhe

laiDvacSDaUM Ml ettakaeMk( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh DHU kUTTev– − kULTUSMli aM

sv TeBaMe HUUl( DaiiSei kU.UMaxel c( B ikS. v tSMs . T DhUseM Ml kh v kDevax DaUM Ut Dhe

leteMie veiTUMiei kDaB Del c( Dhe T. MDè
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h TDev ±

h v kDevax DaUM Ml iD ca.aD( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh

kUTTev– − kULTUSMli' TT.ael DU .e t DaiiSei Ut è tUv T. MD

TvUDekDaUM TSvTUiei

Sc.aihel UM eiD M seLeMD kaeMke iô

DDaiDUM è' .B Daka è è' B kkha è' DDa è' a vkU è Ml SsM a è –³+±µ−è

SMkDaUM .ai DaUM Ut M MU@iDvSkDSvel h(lvUZ( T DaDe HaDh kUTTev– − kULTUSMli i TeiDakaleô

Ml UcievB DaUMi Ut Dve Del è .e Beiè

hDDTiô99lUaèUvs9±+è±++³9Tièθµμ³
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±è� ciDv kD

Bev Dhe (e vi' Dhe veie vkh aM M MUDekhMU.Us( h i .el DU Dhe leBe.UTLeMD Ut veBU.SDaUM v(

iL vD L Deva .i aM L M( tae.liè M svakS.DSve' Dhe M MUDekhMU.Usak . TTvU kh ai UtDeM TT.ael

DU aLTvUBe T. MD TvUlSkDaBaD(' kvUT ES .aD( Ml laie ie L M seLeMD' DhvUSsh M MU@iaxel

L Deva .iè M T vDakS. v' Dhe leBe.UTLeMD Ut i.UH@ve.e ie i(iDeLi tUv TeiDakalei UTeM MeH

TeviTekDaBei DU velSke Dhe LUSMD Ut kDaBe iSciD Mke TT.ael .e laMs DU ettakaeMD T. MD

TvUDekDaUM Ml laie ie kUMDvU.è

PaMs aMDU kUMialev DaUM Dhe TUiiac.e Th(DUDUZakaD( Ut iSkh aMMUB DaBe L Deva .i' Hhakh iDa..

veL aMi SMk.e v.( aM .aDev DSve' Dhe TveieMD iDSl( kUMialevel caUkULT Dac.e iL vD L Deva .

tUv T. MD TvUDekDaUMè M Dhai k ie He Siel caULaLeDak i(MDheDak h(lvUZ( T DaDe – − Dh D h i

ceeM iDSlael eZDeMiaBe.( lSe aDi SMaESe caU kDaBaD( Ml caUkULT Daca.aD(è ssves DaUM ceDHeeM

Dhe M MU@T vDak.ei Ut T vDakS. v Ml tUSv kUTTev– − kULTUSMli' TT.ael aM è

.e Bei i TeiDakale H i iDSlaelè eBev . tUvLS. DaUMi Heve TveT vel Ml kh v kDevaxel DU

leDevLaMe ih Tei Ml laLeMiaUMi Ut Dhe ssves Dei c( ' Ml e.ekDvUM LakvUikUT(è he

i Le tUvLS. DaUMi Heve TT.ael aM DU Bevat( T vDak.e ssves DaUM Ml ettakaeMk( aM

TvUDekDaMs Dhe T. MD s aMiD Dhe tSMs . T DhUseM è

@ ( M .(iai ihUHel latteveMD aMDev kDaUM ceDHeeM Ml Dhe kUTTev– − kULTUSMl'

TUiiac.( c iel UM Dhe iU.Sca.aD( Ml T Ut Dhe latteveMD tUvLS. DaUMiè he M .(iai ihUHel

sv MS. v laiDvacSDaUM v MsaMs s.Uc ..( USD Ut Dhe M MULeDev v Mseè SvDhev UcievB DaUMi c(

Ml LakvUikUT( ihUHel' aM .. tUvLS. DaUMi' . vse ssves Dei T vDa ..(

M MUiDvSkDSvel' Hhakh Heve vekUsMaxel i ssves Dei Ml MUD k.SiDevi' Ml DhSi iD c.e aM Dheav

LakvULeDvak laLeMiaUMè he leDekDel T vDak.ei' c iel UM k .kaSL' ThUiThUvUSi Ml kUTTev'

lal MUD ihUH M( Th(DUDUZak ettekD tDev Dheav TT.ak DaUM è tUvLS. DaUM c iel UM

Ml Dhe iU.Sc.e kUTTev– − kULTUSMl ihUHel TvULaiaMs veiS.Di aM Dhe kUMDvU. Ut Dhe tSMs .

T DhUseM' kUMtavLaMs Dhe TUDeMDa . vU.e Ut M i aMMUB DaBe le.aBev( i(iDeL Ut S– − aUMiè

he TveieMD HUvP aMlak Dei Dhe TUiiaca.aD( DU aLTvUBe Dhe caU.Usak . kDaBaD( Ut caU kDaBe

iSciD Mke c( LUlat(aMs aDi iDvSkDSve DhvUSsh iTekatak Ml khaeB c.e tUvLS. DaUM HaDh

caUkULT Dac.e L Deva .è
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³è� MDvUlSkDaUM

MUDekhMU.Usak . veie vkh h i .el DU aMMUB DaBe iU.SDaUMi aM L M( tae.li' aMk.SlaMs e.ekDvUMaki

–M MU@ieMiUvi−' LelakaMe –lvSs ve.e ie− Ml aM svakS.DSve –M MU@ia.Bev TeiDakalei−è hvUSsh Dhe

leBe.UTLeMD Ut veBU.SDaUM v( iL vD L Deva .i' M MUDekhMU.Us( h i TvUBalel iU.SDaUMi aM Dhe

tae.li Ut svakS.DSve Ml tUUl ikaeMkei DU aLTvUBe T. MD TvUlSkDaBaD(' kvUT ES .aD(' tUUl HaDh

M MU@iaxel MSDvaeMDi Ml MeH DUU.i tUv LU.ekS. v Ml ke..S. v caU.Us( aM Dhai tae.lè

M svakS.DSve' Dhe M MUDekhMU.Usak . TTvU kh h i iasMatak MD TUDeMDa . aM Dhe leBe.UTLeMD Ut

i.UH ve.e ie i(iDeLi tUv TeiDakalei /==' =µçè hai UTTUvDSMaD( vaiei tvUL ieBev . kvaDak .

iTekDi' L aM.( .aMPel DU Dhe Bev( .UH kUMkeMDv DaUM Ut Dhe TT.ael TeiDakale Dh D seMev ..(

ve khei Dhe T. MD D vseD iaDe Ml Dhe kUMieESeMD ekU@DUZakU.Usak . aLT kD Ut Dhe veL aMaMs

TeiDakaleè M Dhai kUMDeZD' ieBev . iDSlaei h Be ceeM lUMe v MsaMs tvUL Dhe M MU@eMk TiS. DaUM

Ut svUkheLak .i /=μç DU Dhe i(MDheiai Ut M MUT vDak.ei aM caU.Usak . i(iDeLi /µ+' µ±çè he LUiD

TvULaiaMs veiS.Di Heve khaeBel c( Dhe eMsaMeevel M MUT vDak.ei – i− c iel UM k vcUM' LeD .

Ml LeD .@UZale M MUL Deva .i' LUMs Hhakh ve M MU@ a ³' M MU@ .' M MU@ M ' S i Ml

s i /µ³&µJçè hUvL le kUMtavLel Dh D M MUT vDak.e DekhMU.Us( k M TvUBale

aMMUB DaBe iU.SDaUMi tUv T. MD MSDvaDaUM Uv TvUDekDaUM c( aLTvUBaMs Dhe laiDvacSDaUM Ml

Dv MiTUvD DaUM Ut caU kDaBe LU.ekS.ei' iSkh i tevDa.aievi' tSMsakalei' aMiekDakalei' T. MD

hUvLUMei' e.akaDUvi Ml MSk.eak kali DhvUSsh Dhe T. MD B ikS. v i(iDeL DU Dhe D vseDel iaDei

/µ=çè UMeDhe.eii' MSLevUSi SDhUvi h Be veTUvDel Dhe Meel tUv tSvDhev eB .S DaUMi UM Dhe

k(DUDUZakaD( Ml seMUDUZakaD( HaDhaM Dhe T. MD DaiiSeiè eBev . e.ekDvUM LakvUikUT( iDSlaei

kUMtavLel Dhe l L se k Siel c( LeD .@c iel M MUT vDak.ei –iSkh i M − DU ke..i Ut T. MD

LevaiDeLi' Hha.e Dhe i Le TTvU kh ihUHel Dhe SMkUMDvU..el STD Pe Ut S i kvUii Dhe ke..

LeLcv Me aM LSMs ce M /µµ' µμçè i SMlev.aMel c( e. Dhe hashev Dhe iSvt ke ve Ut

M MUL Deva .i kULcaMel HaDh caU kkSLS. DaUM Ut Dheav veialSei aM kvUTi Ml aM Dhe

eMBavUMLeMD' L ( k Sie DUZak ettekDi DU Dhe svakS.DSv . ekUi(iDeL /μ+çè SvDhevLUve'

aMDevM DaUM . Uvs Max DaUMi tUv Uvs Mak svakS.DSve' iSkh i DSv. Ml Ml Dhe MDevM DaUM .

elev DaUM Ut vs Mak svakS.DSve UBeLeMDi – −' tUvc le Dhe Uvs Mak kevDatak DaUM tUv

tUUl TvUlSkDi svUHM HaDh vDataka . M MUL Deva .i' TvUTUiaMs D Dhe i Le DaLe Dhe letaMaDaUM Ut

Dhe M MUik .e v Mse – TTvUZaL De.( ±&α++ ML− Ml Dhe TvUTevDaei Uv kULTUiaDaUMi –eèsè ih Te'

iSvt ke TvUTevDaei Ml LU.ekS. v kULTUiaDaUM− Ut L MSt kDSvel M MUL Deva .i /μ±' μ³çè heie

iTekDi iSsseiD M kkSv De eB .S DaUM Ml TvULUDaUM Ut L Deva .i Dh D ve MUM@DUZak'

caUkULT Dac.e Ml caUlesv l c.eè U Dhai TSvTUie' Dhe caULelak . tae.l L ( veTveieMD

ve.a c.e iUSvke Ut i te L Deva .iè
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M Dhe . iD DHeMD( (e vi' M MUDekhMU.Us( h i ceeM iSkkeiitS..( TT.ael aM LelakaMe' aLTvUBaMs

la sMUiDak LeDhUli Ml Dhe ettakaeMk( Ut Dve DLeMDi s aMiD hSL M laie iei aMk.SlaMs ieBev .

tUvLi Ut k Mkevè hUie aMDeMDaUMi tUkSiel Dhe veie vkh Ml leBe.UTLeMD Ut Uvs Mak Ml

aMUvs Mak caUkULT Dac.e M MU@k vvaevi tUv lvSsi /μαçè

aUseMak k .kaSL ThUiTh Dei tvUL DeeDh Ml cUMe h Be ceeM iDSlael DU leiasM MeH LUle.i Ut

aMUvs Mak i(MDheiaiè aULaLeDak i(MDheDak h(lvUZ( T DaDe – −' ±+– θ−J– −³' h i ceeM

iDSlael eZDeMiaBe.( lSe aDi SMaESe caU kDaBaD( Ml caUkULT Daca.aD( TvUTevDaei /μθçè eie vkh aM

caUL Deva .i H i L aM.( tUkSiel UM Dhe k vcUM Del h(lvUZ( T DaDe – −' ±+– θ−J@

Z– α−Z– −³ Hheve Z veTveieMDi Dhe k vcUM De kUMDeMD Ut TTvUZaL De.( θ&µ∆ HDè aM hSL M

cUMe LaMev . /=±çè ai c iel UM iDvSkDSve Ut DeDv helv . θ svUSTi Ml Dhe k vcUM De

svUST k M T vDa ..( iSciDaDSDe cUDh h(lvUZ(. Ml ThUiTh De aUMiè iel UM Dhai Lekh MaiL' Dhe

aMUvs Mak i(MDheiai Ut h i ceeM aMDeMiaBe.( aMBeiDas Del tUv TT.ak DaUMi i cUMe

iSciDaDSDe /=³çè

Uv cUDh Ml ' ieBev . Lekh MaiLi Ut aMkUvTUv DaUM Ml ve.e ie h Be ceeM leikvacel

aMk.SlaMsLeD .@c ielLU.ekS.ei Ml Uvs Mak lvSsiè he eZkh Mse v De ceDHeeM Ml Hale

B vaeD( Ut aUMi iSkh i α>' M³>' c³>' l³>' S³>' M³>' s> Ml U³> h i ceeM iDSlael eZDeMiaBe.(

/=α' μY&μ=çè ev Laki c iel UM s>' S³> Ml M³> iSciDaDSDel Heve TT.ael i

MDaLakvUca .i Hhakh veBe .el Dhe c kDevakal . ettekD Ut s> UM /μµçè M

vekeMD iDSl(' H i i(MDheiaxel aM TveieMke Ut M³> Ml S³> c( Dhe MeSDv .ai DaUM LeDhUl'

..UHaMs Dhe aMkUvTUv DaUM Ut Dhe LeD . aUMi aM Dhe iDvSkDSve /μμçè DeiDi aM cUDh iU.al

Ml .aESal Lela ' kUMtavLel Dhe MDac kDeva . kDaBaD( Ut lUTel HaDh cUDh LeD . aUMi s aMiD

T DhUseMak c kDeva ' V ' Ml Dhe T DhUseMak (e iD

/±++çè

M Dhe . iD lek le' DhvUSsh M MUDekhMU.Usak . TTvU kh' aD h i ceeM TUiiac.e DU eMh Mke Dhe

Th(iak . Ml kheLak . kh v kDevaiDaki Ut Ml ' veBe .aMs aMMUB DaBe caULelak .

TT.ak DaUMi' eiTeka ..( tUv lvSs le.aBev( TSvTUiei /±+±' ±+³çè M t kD' k .kaSL ThUiTh De

M MUT vDak.ei h Be ihUHM lB MD seUSi TvUTevDaei i lvSs k vvaevi' Hhakh ve iDvUMs.(

aMt.SeMkel c( Dhe kheLak . kh v kDevaiDaki Ut Dhe lvSs LU.ekS.e Ml c( Dhe kheLak . Ml

iDvSkDSv . TvUTevDaei Ut Dhe M MUT vDak.eiè UBeva ' veTUvDel Dhe laiiU.SDaUM Lekh MaiL Ut

Dheie T vDak.ei D .UH T – vUSMl θè++−' Dhevec( ve.e iaMs aMkUvTUv Del lvSsi Uv caULU.ekS.ei

/μθçè Tekatak caULelak . iDSlaei kUMkevMel Dhe tSMkDaUM .ai DaUM Ut HaDh Uvs Mak

MDaDSLUv . LU.ekS.ei –kaiT. DaM Ml .eMlvUM De−' leLUMiDv DaMs hUH Dhe liUvTDaUM Ml

ve.e ie PaMeDaki Ut Dheie LU.ekS.ei ve aMt.SeMkel c( Dhe iSvt ke ve Ml iSvt ke kh vse

– 9 v DaU−' i He.. i Dhe kh vse UM Dhe liUvcel LU.ekS.ei /±+α' ±+θçè
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he aL Ut Dhe TveieMD veie vkh H i DU aMBeiDas De caUkULT Dac.e lvSs le.aBev( i(iDeL

TT.ak c.e aM T. MD TvUDekDaUM DU eMh Mke Dhe laiDvacSDaUM Ml TUDeMDa ..( Dhe MDaLakvUca .

kDaBaD( Ut kULLUM caU kDaBe iSciD Mkeiè Uv Dhai TSvTUie' TveBaUSi.( leBe.UTel tUv

TT.ak DaUMi aM svakS.DSve Ml kUTTev– −' Hale.( TT.ael DU TvUDekD sv TeBaMe – è−

s aMiD Dhe tSMs . T DhUseM ' Heve khUieM i k ie iDSl(è

V ai kevD aM.( veiTUMiac.e Ut UMe Ut Dhe LUiD h vLtS. laie ie' k SiaMs Dhe . vseiD

MSLcev Ut Dve DLeMDi aM BaMe( vli /αçè aMke Dhe laikUBev( Ut Dhe kUTTev MDatSMs . kDaBaD('

kSTvak tSMsakalei Heve Hale.( TT.ael DU kUMDvU. Dhai T DhUseM Ml iDa.. DUl ( kUTTev ai DheLUiD

ettakaeMD tSMsakale B a. c.e aM Uvs Mak BaDakS.DSve' ceaMs MUM@i(MDheDak kULTUSMl HaDh Hale

kDaBaD( iTekDvSL /³θçè UHeBev' LUMs Dhe iale ettekDi ve. Del DU Dhe kUTTev Sie' Dhe

eZDeMiaBe kkSLS. DaUM aM iUa.i Ut Dhai LeD . ai veiTUMiac.e Ut ievaUSi eMBavUMLeMD .

TvUc.eLi'αθ veiS.DaMs aM eM kDaMs . Hi Hhakh .aLaD aDi Sieè Uv Dhai ve iUM' Dhe ettak k( Ut

velSkel kUTTev lUiei' khaeB c.e c( UTDaLaxaMs aDi caU.Usak . kDaBaD( Ml TeviaiDeMke '

ai .UUPel HaDh T vDakS. v aMDeveiD' aM Uvlev DU l TD aDi Sie DU .esai. DaBe veiDvakDaUMi /³θ' ³=' ³µçè

he Siel H i i(MDheiaxel c( iTekatak LeDhUl Dh D ..UHi Dhe ssves DaUM Ut Dhe

M MUiDvSkDSvel T vDak.ei aM LakvULeDvak k.SiDevi' DhSi velSkaMs Dhe TveieMke Ut iaMs.e

M MUT vDak.ei /±+Yçè kkUvlaMs DU Dhe TveBaUSi TT.ak DaUMi kUMkevMaMs Dhe tSMkDaUM .ai DaUM

HaDh LeD . aUMi' tUSv latteveMD kULTUSMli c iel UM kUTTev– − Hhakh ve kULLUM.( Siel tUv

laie ieL M seLeMD aM Uvs Mak svakS.DSve' Heve khUieM DU lUTe DheLakvU iDvSkDSvel HaDh

kUTTev– − aUMi /±+Jçè hai iDSl( H i tUkSiel UM aMBeiDas DaMs Dhe ssves DaUM Ut Dhe

T vDak.ei ' aM DevLi Ut ih Te Ml laLeMiaUM' aM Uvlev DU Bevat( Dhe LakvULeDvak

ssves DaUM Ut Dhe è hvUSsh e.ekDvUM LakvUikUT(' Dhe i Le iTekD H i Bevatael UM Dhe

tUvLS. DaUMi UcD aMel c( tSMkDaUM .aiaMs HaDh kUTTev– − aUMi Ml UM .e Bei Ut

Hhakh Heve aMtekDel c( Dhe tSMs . T DhUseM' V Ml Dve Del c( iTv (aMs Dhe i Le

tUvLS. DaUMi UM Dhe c Za . Ml Dhe l Za . iSvt keiè
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αè� ZTevaLeMD . LeDhUli

αè±è� SMkDaUM .ai DaUM Ut h(lvUZ( T DaDe HaDh kUTTev– −

M ESeUSi iSiTeMiaUM kUMD aMaMs α+∆ –HH@±− Ut M MUiDvSkDSvel h(lvUZ( T DaDe – DSv .

eBe.UTLeMD vUST v.' D .(−' H i UcD aMel kkUvlaMs DU T DeMDel TvUkeii Ut i(MDheiai /±+Yçè

USv kUTTev– − kULTUSMli – @ ' U.UsM ' D .(− Heve TveT vel DU tSMkDaUM .axe ô

kUTTev iS.t De TeMD h(lv De – S (−' Dvac iak kUTTev iS.t De – S −' kUTTev UZ(kh.Uvale

– S Z .− Ml kUTTev h(lvUZale – S ( Z−è SMkDaUM .ax DaUM Ut Dhe TvUlSkDi H i k vvael USD c(

L aMD aMaMs Dhe i.Svv( HaDh Dhe veiTekDaBe kUTTev– − kULTUSMl Ml H Dev kULT.eZè he

B vaUSi kUTTev– − kULTUSMli Heve Tve@iU.Sca.axel Uv laiTeviel aM H Dev Ml DheM llel DU

Dhe i.Svv(' PeeTaMs aM i.UH saD DaUM tUv θ hè he LUSMD Ut e kh kUTTev kULTUSMl Siel

H i k .kS. Del iU Dh D Dhe taM . tUvLS. DaUM kUMD aMel Y ê +è±∆ –H H@±− Ut kUTTev– −è he

UcD aMel tUvLS. DaUMi – c.e ±− Heve M .(iel c( MlSkDaBe.( UST.el . iL TDak . LaiiaUM

TekDvULeDv( – vkUi@ TekDvU' ' .eBe' evL M(− DU Bevat( Dhe kUTTev kUMkeMDv DaUMè

c.e ±è LT.ei c iel UM Dhe TSve kULTUSMli Uv UM Dhe tUvLS. DaUMi' TveT vel Ml kh v kDevaielè

UvLS. DaUM ∆ H H@± S ∆H H@±

α+ +
S ( + Y
S + Y
S Z . + Y
S ( Z + Y
@ S ( α Y
@ S α Y
@ S Z . α Y
@ S ( Z α Y

SvaMs Dhe i(MDheiai' Dhe T H iLe iSvel D ³+W UM Dhe i LT.ei c iel UM Dhe TSve kUTTev– −

kULTUSMli Ml Dhe UMei tUvLS. Del HaDh DU eB .S De Dhe iD ca.aD( Ut HaDh iTekatak

kUTTev– − kULTUSMl – c.e ³−è

he i LT.ei .aiDel aM c.e ± Heve TveT vel tUv Dhe kh v kDevax DaUM M .(iei Ml Dhe

TT.ak DaUM è etUve TT.ak DaUM DU tU.a v DaiiSei' Dhe tUvLS. DaUMi Meelel DU ce la.SDelè

M Dh D veiTekD iD ca.aD( Ut Dhe tUvLS. DaUMi iSiTeMlel aM laiDa..el H Dev H i TveBaUSi.(

UcievBel D taBe kUMkeMDv DaUMi –+è³Y' +èY' ±' ³ Ml θ H B@± ∆−è D kUMkeMDv DaUMi sve Dev Dh M

±∆ –H B@±− .. tUvLS. DaUMi DeMlel DU ielaLeMD tDev ceaMs ih PeM' iU kUMkeMDv DaUM Ut +èY∆

–H B@±− H i vcaDv va.( khUieM tUv Dhe tU.a v TT.ak DaUMiè
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c.e ³è T B .Sei Le iSvel D ³+W UM Dhe i LT.ei c iel UM Dhe TSve kULTUSMli Uv UM Dhe tUvLS. DaUMiè

UvLS. DaUM T
±³è±=

S ( ³èθ=
S Jèμμ
S Z . Jèμµ
S ( Z JèµY
@ S ( ³è³θ
@ S ±+è±μ
@ S Z . ±±èYµ
@ S ( Z ±+èYµ

αè³è� DvSkDSv . kh v kDevai DaUM Ut Dhe @kUTTev iSiTeMiaUMi

αè³è±è� @ ( attv kDaUM – −è he tUvLS. DaUMi Heve kh v kDevaiel c( DU eB .S De Dhe

kv(iD ..aMe Th iei Ml Dhe iTekaei UcD aMel tU..UHaMs Dhe tSMkDaUM .ax DaUM TvUkeiiè kh

kUTTev– − kULTUSMl Ml .. Dhe tUvLS. DaUMi UcD aMel c( tSMkDaUM .axaMs Dhe Heve taviD

eZ LaMel – c.e ±−è he i LT.ei c iel UM Ml kUTTev– − kULTUSMli Heve keMDvatSsel Ml

Dhe iU.al Th ie H i ..UHel DU lv( D α+W tUv ³θ hUSviè he M .(iei Heve k vvael USD HaDh M

M .(Dak . % evD® UHlev attv kDULeDev – S à− D θ+ B Ml θ+L – .(Dak .' he

eDhev. Mli− HaDh laBevseMD i.alei Ut ±W Ml +è± LL i.aDiè he Le iSveLeMDi Heve k vvael USD

D M MsS. v v Mse Ut ³3 ceDHeeM YW Ml JYW' iDeT iaxe Ut +è+αW HaDh ³+ i Ut eZTUiSve Tev

iDeTè

αè³è³è� (M Lak ashD k DDevaMs – −è he sv MS.ULeDvak M .(iai H i TevtUvLel DU eiDaL De

Dhe iaxe Ut T vDak.ei Ml ssves Dei tUvLel aM Dhe iDSlael i LT.ei – c.e ±−è v MS.ULeDvak

laiDvacSDaUM H i aMBeiDas Del SiaMs iDeviaxev α+++ Ml aiTeviaUM MaD (lvU

– .BevM MiDvSLeMDi' −è he M .(iei Heve TevtUvLel SiaMs HeD laiTeviaUM LeDhUl SiaMs

Dhe (lvU laiTeviaUM SMaDè LT.ei c iel UM Ml kUTTev– − kULTUSMli Heve llel DU

leLaMev .aiel H Dev lavekD.( aM Dhe i LT.ev SMDa. aD ve khel laLLaMs Ut ceDHeeM J Ml ±+∆è

aBe Le iSveLeMDi Heve TevtUvLel tUv e kh i LT.e cUDh cetUve Ml tDev ±++∆ S.Dv iUMak

c Dh Dve DLeMD tUv lSv DaUM Ut Y LaMSDeiè SvaMs Dhe Le iSveLeMDi' kavkS. DaUM iTeel Ut

³+++ vTL H i ieDè he sv MS.ULeDvak laiDvacSDaUM Ut Dhe T vDak.ei H i UcD aMel tvUL T vDak.e

ik DDevaMs l D SiaMs ae DheUv(' ieDDaMs i Dhe vetv kDaBe aMleZ Ut Dhe i LT.e ±èY³ Ml Dhe +è±

ciUvc Mke aMleZè he sv MS.ULeDvak laiDvacSDaUMi Ml Dhe laLeMiaUM . iD DaiDak . T v LeDevi

TvUBalel c( Dhe iUtDH ve ve letaMel aM DevLi Ut Dhe BU.SLe eESaB .eMD c .. iD la LeDevè
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αè³èαè� v MiLaiiaUM .ekDvUM akvUikUT( – −è he LUvThU.Us( Ut Dhe T vDak.ei Ml Dheav

iSvt ke iDvSkDSve kUMD aMel aM – c.e ±− Dhe ESeUSi iSiTeMiaUMi tSMkDaUM .aiel HaDh kUTTev– −

aUMi Heve iDSlael HaDh v MiLaiiaUM .ekDvUM akvUikUTe – ±³ ' ' he

eDhev. Mli−' eESaTTel HaDh M es BaeH ³ k Lev è vUTi Ut e kh iSiTeMiaUM

–TveT vel i leikvacel cUBe− Heve T. kel UM k vcUM kU Del ³++ Leih sU.l svali Ml lvael D

vUUL DeLTev DSveè M @v ( LakvUTvUce aM Dhe kh Lcev Ut M Mevs( aiTeviaUM (iDeL

– c( ' iUtDH ve eMeiai' ' hH h' ' −' Bevatael Dhe e.eLeMD .

kULTUiaDaUMè he iTekDv ihUHel Dhe TveieMke Ut e.eLeMDi .aPe ' ' S' Ml .è .Sei

Ut Dhe kke.ev DaMs BU.D se ±++ e –tUv − ve. Del DU e kh e.eLeMD ve ihUHM aM Dhe c.e

αè

c.e αè kke.ev DaMs BU.D se B .Sei –³Y e aM Ml ±++ eB aM − Ut Dhe e.eLeMDi Dv kel UM Dhe @v (

iTekDv è

.eLeMD à à
αèJμ+ @@
³è+±α @@

S µè+θ+ +èμα+
³èα+= @@

. ³èJ³± @@

αèαè� TT.ak DaUM Ml kh v kDevai DaUM

αèαè±è� ve DLeMDiè ±@(e v@U.l sv TeBaMe T. MDi – ' kBè h vlUMM ( sv tDel UM Ucev

Y vUUDiDUkP− Heve ie.ekDel aM aMlaBalS . ³èY@.aDev TUDi Ut Te D vakh' Tve@tevDa.axel – ô

±θô±Jô±µ− iUa. – UTtiSciDv D θY+q DeMlev' khevLcekP' evL M(− Ml svUHM SMlev M DSv .

.ashD D DeLTev DSvei v MsaMs tvUL ±µ&³µW è aZ TUDDel BaMei HaDh D .e iD = leBe.UTel .e Bei

Heve ie.ekDel i veT.ak Dei tUv e kh Dve DLeMDè

aiDa..el H Dev H i Siel i Dhe kUMDvU. Dve DLeMD DU ce kULT vel HaDh Dhe iSiTeMiaUMi Ut e kh

tUvLS. DaUM c iel UM lUTel HaDh kUTTev– − Ml MUM@tSMkDaUM .aiel – c.e ±−è M

. cUv DUv( kUMlaDaUMi –DeLTev DSve ³+ ê ±W ' ve. DaBe hSLalaD( JY ê Y∆' vDataka . .ashD−' ±è³Y s

Ut e kh tUvLS. DaUM Heve iSiTeMlel aM ³Y+ L Ut laiDa..el H Dev –Y Ls L @±−è he T Ut Dhe

iSiTeMiaUMi Ml Dhe laiDa..el H Dev – c.e θ− H i Le iSvel HaDh T LeDev –T Yαµq

Lc ' ea.heaL' evL M(− Ml kULT vel HaDh Dhe T Ut Dhe TSve tUvLS. DaUMè

cUSD α+ L Ut e kh iSiTeMiaUM Heve TT.ael DU Dhe T. MDi HaDh s vleMaMs iTv ( cUDD.e

– Tv (ev +èJ ' evU( ev.aM' D .(− D PaMs k ve DU kUBev hULUseMUSi.( cUDh Dhe l Za . Ml

c Za . .e t iSvt keè tDev Dhe Dve DLeMD' .e Bei Heve .etD DU lv( tUv UMe hUSv cetUve Dhe

LakvUikUTak Ml S.Dv LakvUikUTak UcievB DaUMiè
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c.e θè T B .Sei Le iSvel D ³+W UM i LT.ei tDev la.SDaUM HaDh laiDa..el H Dev –T =èY+−è

UvLS. DaUM T
=èµµ

S ( YèY=
S =èY³
S Z . =èJ±
S ( Z =èJY
@ S ( Yè=+
@ S =è=μ
@ S Z . =èµ+
@ S ( Z =èµ+

αèαè³è� MBavUMLeMD . k MMaMs .ekDvUM akvUikUT( – −è he laiDvacSDaUM Ut Dhe

Dve DLeMDi UM Dhe T. MD tU.a se Ml Dhe iDvSkDSv . te DSvei Ut Dhe T vDak.ei iSiTeMlel aM Dhe

TT.ael tUvLS. DaUMi' Heve iieiiel c( lavekD M .(iei HaDh M UTDak . LakvUikUTe

– DeveU akvUikUTe' aPUM' T M− Ml M MBavUMLeMD . k MMaMs .ekDvUM akvUikUTe – ea

S MD ³++ ' UvTUv DaUM' aMlhUBeM' he eDhev. Mli−' UTev DaMs aM .UH@B kSSL

LUle' D ³Y P ' HaDhUSD Tve@Dve DLeMD Ut Dhe i LT.eiè @v ( – − LakvU M .(iai c( M Mevs(@

aiTeviaBe (iDeL' kUST.el DU Dhe – ' iUtDH ve eMeiai' ' hH h' '

− H i Siel DU aMBeiDas De Dhe kULTUiaDaUM Ut Dhe T vDak.ei Ml Dhe laiDvacSDaUM Ut Dhe ve. Del

e.eLeMDi UM Dhe .e t iSvt ke' aM Dhai k ie' ' ' S' ' .è c.e α ihUHi Dhe kke.ev DaMs BU.D se

B .Sei ³Y tUv Dhe Dv kel e.eLeMDiè cievB DaUMi Heve TevtUvLel UM Dhe .e Bei Ut Dve Del

TUDDel BaMei ³θ hUSvi TUiD Dve DLeMDè U.a v i LT.ei Heve kU..ekDel aM e kh veT.ak De T. MD Ut

.. Dhe kUMlaDaUMi c( kUSMDaMs tvUL Dhe c i . T vD Ut Dhe TvaL v( ihUUD Ml i LT.aMs Dhe tUSvDh

.e tè e Bei Heve kSD aMDU iL .. TUvDaUMi –±+ LL Z ±+ LL− Ml Dv Mitevvel DU kUMlSkDaBe

lheiaBe k vcUM LUSMDel UM .SLaMaSL iDSciè

αèαèαè� aie ie ieBevaD( UM Dhe Dve Del .e BeiV U eB .S De Dhe i ettakaeMk( Ut Dhe

tUvLS. DaUMi s aMiD tSMs . T DhUseM' iSiTeMiaUM Ut V iTUv Msa H i TT.ael DU Dhe

.e Bei J hUSvi tDev Dhe tU.a v Dve DLeMDiè TUv Msa Heve H ihel tvUL tveih.( iTUvS. DaMs

.eiaUMi –aMtekDel .e Bei TvUBalel c( UMl xaUMe lLSMl kh' M akhe.e è è' D .(− HaDh

kU.l –θW − laiDa..el H Devè M ESeUSi iSiTeMiaUM Ut iTUv Msa H i la.SDel DU kUMkeMDv DaUM

Ut ±+Y iTUv Msa L @±è . MDi Heve aMUkS. Del c( iTv (aMs Dhe c Za . iSvt ke Ut e kh .e t HaDh

Dhe iTUv Msa . iSiTeMiaUM – TTvUZaL De.( θ+ L Tev T. MD−' SiaMs Dhe av kULTveiiUv i(iDeL

HUvPaMs D ³++ P D Dhe MUxx.eè MUkS. Del T. MDi Heve PeTD aM Dhe l vP aM svUHDh kh Lcev

tUv ±³ hUSvi D ³+ ê ±W Ml ve. DaBe hSLalaD( – − Ut µ+&μμ∆è . MDi Heve DheM PeTD tUv ±+

l (i aM Dhe sveeMhUSie –DeLTev DSve Ut ±µ&³YW ' Ut J+&µ+∆' Ml M DSv . .ashD vesaLe−è

tDev Dhai DaLe' Dhe T. MDi Heve T. kel UBevMashD –±³ h− aM svUHDh kh Lcev D ³+ ê +èYW Ml
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μμ∆ DU TvULUDe V iTUvS. DaUMè he iTUvS. DaUM ve kUBevaMs Dhe .e t iSvt ke H i

eiDaL Del c( M UTDak . LakvUikUTe Ml veTUvDel i TevkeMD se Ut .e t iSvt ke ve è aie ie

ieBevaD( H i eB .S Del tUv e kh Dve DLeMD i Dhe Le M BaiS . TevkeMD se Ut DUD . .e t ve

kUBevel c( iTUvS. DaMs .eiaUMi Tev T. MDè he eZTevaLeMD H i v MlULaxel kULT.eDe c.UkP

leiasMiè D Heve MUvL .axel Ml iSc,ekDel DU M .(iai Ut B va Mke Ml SPe(ùi DeiD –à " +è+Y−è

D DaiDak . M .(iai H i TevtUvLel SiaMs D DaiDaki ³θè+ – UvT' vLUMP' ' −è
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.. h Be Dhe i Le T DDevM Ut ³ Te Piq UMe Ut Hhakh ai vUSMl +èJ œL Ml UMe vUSMl α œL' aM

llaDaUM DU iL .. Te P tDev α+ œLè he DveMl Ut @ S ( tUvLS. DaUM –³ −' ai latteveMDè

he @ S tUvLS. DaUM ihUHi M aMkve ie TUTS. DaUM TevkeMD se aM cUDh +èJ œL ve Ml

vUSMl µ œL ve ' HaDh lekve ie Ut Dhe L ZaLSL vUSMl ±++ œLè h D ai aM .aMe HaDh Dhe

LUSMD Ut llel aM Dhe tSMkDaUM .ax DaUM TvUkeiiè M Dhe @ S Z . tUvLS. DaUM' kULT vel

DU Dhe UvasaM . kULTUSMl S Z .' Dheve ai M aMkve ie aM TUTS. DaUM TevkeMD se D B .Sei

sve Dev Dh M ±+ œL' Ml kkUvlaMs DU Dhe llaDaUM Ut ' aD .iU aMkve iei DU L ZaLSL B .Se

Ut vUSMl +è= œL' Hhakh ai MUD veTUvDel aM S Z . cSD veTUvDel aM è he i Le DveMl ai ihUHM

tUv Dhe @ S ( Z kULTUSMliè

θè³èαè� v MiLaiiaUM .ekDvUM akvUikUT(è he LUvThU.Us( Ut Dhe T vDak.ei ai ihUHM aM asè α'

kkUvlaMs DU Dhe TSve –α − Ml DU Dhe iaMsS. v kUTTev– − kULTUSMl tSMkDaUM .aiaMs ô

S ( –α −' S –α −' S Z . –α − Ml S ( Z –α −è M Dhe iSiTeMiaUM Ut TSve –α − Dhe

kh v kDevaiDak Meel.e LUvThU.Us( Ut Dhe T vDak.ei k M ce UcievBel' cSD Dhe( ve .aMPel

DUseDhev tUvLaMs ssves Dei Ml Heve MeBev ieeM i iaMs.e T vDak.eiè vUL Dhe e.eLeMD .

M .(iai' Dhe k .kaSL Ml ThUiThUvSi iasM .i ve leMUDel aM Dhe D(Tak . 9 v DaU tUv Dhai D(Te

Ut L Deva .' Hhakh ai cUSD ±èJ=è

he @ S ( tUvLS. DaUM' ihUHi SMatUvL T vDak.ei HaDh Meel.e LUvThU.Us( cSD HaDh

latteveMD iaxe tvUL DhUie Ut Dhe ' Hha.e Dhe( ve LUve iaLa. v DU Dhe iaxe Ut Dhe S (

T vDak.ei' Hhakh .iU eZhacaD Meel.e LUvThU.Us( –α −è he tasSve ihUHi Dh D Dheve ve iaMs.e

Ml MU ssves Del T vDak.ei i aM Dhe k ie Ut T vDak.eiè vUL LakvU M .(iai' .aDD.e Baiac.e

k .kaSL ai TveieMD Ml Dheve ai MU .UMsev Dhe D(Tak . k .kaSL ThUiTh De v DaU Ut kUMtavLaMs

Dh D aM Dhai k ie' Dhe UvasaM . iDvSkDSve h i lai TTe vel lSvaMs Dhe iiUka DaUM HaDh S ('

Hhakh ai kUMieESeMke Ut aDi kal T è hai H i tSvDhev leD a.el Ml kUMtavLel aM asè α è

M Dhe k ie Ut tSMkDaUM .axel HaDh S ' DHU latteveMD LUvThU.Usaei Ut T vDak.ei Heve

UcievBel' M Le.( ss.ULev Del Meel.e T vDak.ei DDvacSD c.e DU Ml . vsev T vDak.ei

DDvacSD c.e DU S –α −è he LakvU M .(iai kUMtavLi Dh D aM Dhai k ie cUDh Ml S

e.eLeMDi ve He.. laiDaMsSaih c.e Ml ihUH Dh D Dhe 9 v DaU veL aMi iaLa. v DU Dh D Ut è D

.iU veBe .i Dh D veL aMi iD c.e Ml' aM Dhai tSMkDaUM .ax DaUM' aD lUei MUD laiiU.Be' iaMke Dhe

S h i c iak T è hai ai kUMtavLel aM asè θ c( tSvDhev kULT vaiUM Ut @ S ( –θ −

Ml @ S –θ −è SMatUvL LUvThU.Us( laiDvacSDaUM H i UcievBel aM Dhe tUvLS. DaUM c iel

UM @ S ( – asè Y − aM Hhakh T vDak.ei HaDh Dhe i Le LUvThU.Us( Ml iaLa. v iaxe DU DhUie

Ut T vDak.ei Heve MeBev tUSMl kUMtavLaMs Dh D S (' HaDh M kal T ' iU.Sca.axei Dhe
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Yè� aikSiiaUM

he TveieMD aMBeiDas DaUM H i tUkSiel UM Dhe ssves DaUM Ut Dhe M MUiDvSkDSvel

T vDak.ei' tSMkDaUM .aiel HaDh ieBev . kUTTev– − kULTUSMli' aM Uvlev DU Bevat( Dhe LakvULeDvak

ssves DaUM Ut Dhe TT.ael iSciD Mkeiè he veiS.Di ihUH Dh D Dhe T Ut e kh kUTTev– −

kULTUSMl aMt.SeMkei Dhe taM . T Ut Dhe tUvLS. DaUMi HaDh – c.e ³−è i leikvacel aM Dhe

.aDev DSve' T T. (i M aLTUvD MD vU.e aM Dhe svUHDh Ut M MUkv(iD .i' Hhakh aMkve ie tvUL

T hashev Dh M θè++ /μθ' ±+=çè he TSve TT.ael aM Dhe TveieMD iDSl(' ihUHel T Ut ±³è=µ'

Hhakh kh Msel tDev Dhe tUvLS. DaUMi HaDh e kh kUTTev– − kULTUSMlè UMialevaMs S (' Dhe

UM.( iU.Sc.e kUTTev– − kULTUSMl' Dhe T B va DaUM H i T vDakS. v.( iDvUMs Ml tDev

tUvLS. DaUM HaDh Dhe T H i ³è³θè iel UM Dhai l D ' aD H i eZTekDel DU leDekD T vDa . Uv

DUD . laiiU.SDaUM Ut Dhe T vDak.ei aM iSkh tUvLS. DaUMè he aMiU.Sc.e kUTTev– − kULTUSMli

ihUHel .UHev aLT kD UM Dhe taM . T Ut Dhe tUvLS. DaUMi HaDh Ml B .Sei Heve

TTvUZaL De.( vUSMl ±±è++è M DhUie tUvLS. DaUMi' aD H i eZTekDel DU UcievBe LUve iD c.e

iDvSkDSv DaUM Ut Dhe T vDak.ei c iel UM è

eialei T vDak.e iD ca.aD( Ml svUHDh' T UcBaUSi.( h i tSvDhev aLT kD UM S– − aUM

eZkh Mse HaDh è i iDvUMs aUM eZkh Msev' – − UM Dhe iSvt ke Ut k M eZkh Mse laB .eMD

he B( LeD .i /±+µ' ±+μçè M vekeMD iDSl(' TevtUvLel UM kULTUiaDe c iel UM T vDa ..(

iSciDaDSDel aM L sMeiaSL' aD H i UcievBel Dh D liUvTDaUM iDvUMs.( leTeMli UM Dhe iU.SDaUM

T Ml aMkve iel HaDh aMkve iaMs T è M T vDakS. v' Dhe S– − liUvTDaUM k.e v.( aMkve iel tvUL

±μèθ∆ DU μ=èJ∆ HheM Dhe T Ut Dhe iU.SDaUM H i aMkve iel tvUL ±è+ DU Yèμ Ml DheM i.ashD.(

lekve iel DU μYèµ∆ D T Jèμè hai TheMULeMUM H i iiUka Del HaDh Dhe TUiiac.e ve kDaUMi

cehaMl Dhe S– − eZkh Mse tvUL Dhe iU.SDaUM /±±+çè hai UcievB DaUM iSsseiDi kheLak .@

Th(iak . iDSl( UM Dhe TUDeMDa . Lekh MaiLi Ml PaMeDaki Ut Dhe S– − aUMi eZkh Mse ceDHeeM

Ml Dhe kUTTev– − kULTUSMli TT.ak c.e aM svakS.DSveè

he veiS.Di iSTTUvD Dhe cUBe UcievB DaUMiè he D(Tak . lattv kDaUM T DDevM H i leDekDel

tUv Dhe TSve è eiTaDe Dhe UBev kUMkeMDv DaUM Ut Dhe kUTTev– − kULTUSMli' Hhakh aM .LUiD

.. Dhe tUvLS. DaUMi kUBevi Dhe lattv kDaUM T DDevM' aD H i TUiiac.e DU laikvaLaM De Dhe

TveieMke Uv MUD Ut Dhe T vDak.ei aM Dhe M .(iel i LT.eiè i tUv Dhe T ' T DDevMi Ut Dhe

tUvLS. DaUMi lattevel kkUvlaMs DU Dhe h(lvUseM aUM kDaBaD( Ut Dhe TSve kUTTev– − kULTUSMliè

he lattv kDaUM T DDevM Ut @ S ( lattevel tvUL Dh D Ut Dhe TSve kULTUSMli' ihUHaMs

lattv kDaUM L ZaL ve. Del DU θ –s(TiSL−' Hhakh aMlak Dei Dhe TUiiac.e laiiU.SDaUM Ut Dhe

Ml Dhe kUMieESeMD vekULcaM DaUM ceDHeeM k .kaSL Ml iS.t Deè hai UcievB DaUM H i MUD

veTUvDel c( Dhe lattv kDaUM T DDevM Ut Dhe tUvLS. DaUMi c iel UM aMiU.Sc.e kUTTev– −
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kULTUSMliè M DhUie k iei' Dhe tUvLS. DaUM c iel UM @ S veBe .el lattv kDaUM T DDevM

DDvacSD c.e' aM T vD' DU Dhe TveieMke Ut aM Dhe M .(iel i LT.eè SvDhevLUve' kUMialevaMs

Dhe cvU leMaMs Ut Dhe lattv kDaUM L ZaL kUvveiTUMlaMs DU ' Hhakh aMlak De Dhe lesvee Ut

kv(iD ..aMaD(' aD H i ve. DaBe.( hashev aM Dhe @ S i LT.eè

UMkevMaMs Dhe laLeMiaUMi Ut Dhe iDSlael T vDak.ei' Dhe veiS.Di leLUMiDv De Dhe aMDeveiDaMs

kUMtasSv DaUM aM LakvU k.SiDevi Ut Dhe TT.ael M MUiDvSkDSvel è hai eBaleMke' kkUvlaMs DU

Dhe T DeMDel LeDhUl Ut i(MDheiai /±+Yç' DeMli DU eZk.Sle Dhe TveieMke Ut iaMs.e M MUT vDak.ei'

Dhevec( velSkaMs Dhe eMBavUMLeMD . vaiPi iiUka Del HaDh TT.ak DaUMi Ut M MU@iaxel L Deva .i

/±±±çè eiTaDe Dhe . kP aM Dhe .aDev DSve Ut Dhe Th(iak . Ml kheLak . kh v kDevai DaUM Ut Dhe

kUTTev– − kULTUSMli TT.ael aM svakS.DSve' Dhe taMlaMsi L ( saBe ve . aMlak DaUM UM Dhe

Bev se iaxe Ut Dhe S– − c iel T vDak.ei Siel i TeiDakalei Ut ceDHeeM ± Ml ±++ œLè Zk.SlaMs

Dhe veiS.D ve. Del DU Dhe @ S ( i LT.e' Hhakh ai TvUc c.( vetevvel DU T vDak.ei L aM.(

c iel UM θ' M aMDeveiDaMs iaxe laiDvacSDaUM ai veTUvDel c( Dhe i LT.ei c iel UM @ S

Ml @ S ( ' aM Hhakh Dhe hash TevkeMD se Ut T vDak.ei ceDHeeM +èY Ml ± œL L (

veTveieMD TUiaDaBe kUMlaDaUM DU UTDaLaxe Dhe TT.ak DaUM Ml laiDvacSDaUM è M t kD'

T vDak.e laLeMiaUM h i TUDeMDa ..( lavekD aLT kD UM Dhe lvUT.eD iaxe seMev Del lSvaMs Dhe

iTv (aMs TT.ak DaUM Ut Dhe TeiDakale' Hhakh veTveieMDi kvSka . t kDUv tUv Dhe ettakaeMk( Ut

Dve DLeMD /±±³çè

kkUvlaMs DU BvUkUvl DUi V' LakvUikUT( LeDhUli ve .. iaMs.e T vDak.e LeDhUli' Dhai

Le M Dh D l D lUei MUD vaie tvUL M eMieLc.e Ut T vDak.ei iSkh i ai Dhe k ie HaDh .ashD

ik DDevaMsè hai eM c.ei aMtUvL DaUM DU ce kU..ekDel UM e kh T vDak.e tvee tvUL aMDevteveMkei

tvUL UDhev T vDak.ei Uv c kPsvUSMl iU.SDei /±±αçè M Dhe TveieMD iDSl(' aL sei – asè Y−

Heve tSMl LeMD . DU SMleviD Ml T vDak.e ssves DaUM v Dhev Dh M T vDak.e iaxe' aM kULcaM DaUM

HaDh Dhe e.eLeMD . kULTUiaDaUM Ut Dhe T vDak.e c( Dhe eMevs( laiTeviaBe @v ( iTekDvULeDev'

D PaMs aMDU kUMialev DaUM Dh D Dhe Le iSveLeMD SMkevD aMD( Ut ai seMev ..( ³+∆ /±±θçè

eialei Dhe He..@PMUHM ssves DaUM Ut aM LakvU k.SiDevi kULTvaiel Ut ±++ ML iaxel

M MUkv(iD .i /±±Yç' Dhe UcievB DaUMi veBe .el DHU L aM D(Te Ut ih Tei UM Dhe iDSlael

T vDak.eiè he Ml l D ve. Del DU Dhe @ S ( i LT.e Heve kUMtavLel c( Dhe

leDekDaUM Ut Meel.e@.aPe T vDak.ei Dh D lattev T vDa ..( tvUL Dhe D(Tak . ih Te Ut Dhe T vDak.e

Ml DUD ..( tvUL Dhe ih Te Ut Dhe UDhev S– − c iel T vDak.ei' Hhakh ihUH LUve vUSMlel

tUvLè .eLeMD . M .(iai .iU veBe .el Bev( .UH TveieMke Ut k .kaSL aM Dhe T vDak.e leDekDel

UM Dhe @ S ( i LT.e' v Dat(aMs Dhe kUMk.SiaUMi Ut Dhe veiS.Diè hevetUve' leiTaDe Dhe

MUD c.e tUvL Ml laLeMiaUM Ut iSkh T vDak.ei' hULUseMUSi ssves Dei' LUve iaLa. v DU Dhe

D(Tak . ssves Dei Ut Dhe TSve ' Heve UcievBel aM Dhe i LT.e c iel UM @ S è M Dhai
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k ie' Dhe e.eLeMD . M .(iai Ut Dhe ssves Dei aMlak Del Dhe TveieMke Ut S– − iiUka Del DU

T vDak.ei c iel UM k .kaSL Ml ThUiThUvUSi – −è M T vDakS. v' kULT vaMs cUDh i LT.ei – asè

θ−' hashev le.aBev( ettekD ai eZTekDel c( Dhe T vDak.ei Ut Dhe @ S ( i LT.e Ml ve. Del DU

Dhe Meel.e tUvL Ut Dhe ssves Dei' Le MaMs .iU hash iTekatak iSvt ke c.e DU ve.e ie

TUDeMDa ..( S– − aUMiè M Dhe UDhev h Ml' Dhe hashev T vDak.e leMiaD( aM Dhe ssves Dei Ut Dhe

@ S i LT.e L ( veTveieMD kvSka . iTekD UM Dhe iD ca.aD( Ml TeviaiDeMke Ut Dhe

Dve DLeMD è

tDev Dhe Dve DLeMDi ' ve.eB MD Th(DUDUZak ettekD H i leDekDel UM cUDh Dhe c Za .

Ml l Za . .e t iSvt kei Dve Del HaDh i LT.e c iel UM S (è hai ettekD h i ceeM veTUvDel

aM Dhe .aDev DSve cSD lUei MUD UkkSv HaDh T. MD TvUDekDaUM TvUlSkDi cek Sie DU ce SDhUvaiel i

tSMsakale aM svakS.DSve –HaDh Dhe kULLUM M Le Ut Uvle SZ LaZDSve− S ( h i DU ce

MeSDv .aiel c( k .kaSL h(lvUZale /±±J' ±±=çè M Dhe TveieMD iDSl(' Uvle SZ LaZDSve H i MUD

eZ LaMel i aD ai MUD TSve kUTTev– − kULTUSMl Ml aDi TUDeMDa . eZkh Mse aM S– − aUMi ai

kUMlaDaUMel c( Dhe MeSDv .ai DaUM TvUkeiiè UMialevaMs Dh D Dhe Dve DLeMD c iel UM @ S (

lal MUD TvUlSke M( Th(DUDUZak ettekD UM Dve Del .e Bei' aD ieeLi DU h Be iaLa. v ettekD UM

S ( i MeSDv .ai DaUMHaDh k .kaSL h(lvUZaleè hai TUiiaca.aD( ai iSTTUvDel c( Dhe veiS.Di

– asè ±−' Hhakh ihUH Dhe latteveMkei ceDHeeM Dhe lattv kDaUM T DDevMi Ut Dhe S ( i LT.e Ml

Dhe tUvLS. DaUM @ S (è .DhUSsh' Dhe T Ut cUDh TT.ael i LT.ei H i ESaDe iaLa. v – c.e

θ−' Dhe MUM@DUZakaD( Ut Dhe @ S ( c iel Dve DLeMD H i TvUc c.( .aMPel DU Dhe

ve vv MseLeMD Ml aMDev kDaUM Ut Dhe S– − aUMi HaDh Dhe leDekDel T vDak.ei c iel UM

ThUiThUvUSi – asè α−è

H i SietS. DekhMaESe DU iDSl( T vDak.e ssves DaUM ' eiTeka ..( DU eB .S De Dhe

ettakaeMk( Ut Dve DLeMDi aM TvUDekDaMs Dhe T. MD s aMiD Dhe T DhUseMiè M Dhai veiTekD'

TT.ak DaUM Ut ai c iel iTekatak ..( UM aDi TvUTevD( DU seMev De M MU@iDvSkDSvel caU.Usak ..(

kDaBe kU DaMsi /μθçè he .e t i LT.e Dve Del HaDh ihUHi iSkh T vDak.ei ssves Del UM Dhe

.e t iSvt keè he LUiD iaLa. v kUMtasSv DaUM H i UcievBel UM .e Bei Dve Del HaDh @ S ('

kUMtavLaMs Dhe taMlaMsi Ut è he Dve DLeMDi c iel UM Dhe aMiU.Sc.e kUTTev– − kULTUSMl

Ml ' eiTeka ..( Dhe @ S ' TTe v DU ce LUve hULUseMUSi.( laiDvacSDel aM iL ..ev

ssves Dei' aMlak DaMs latteveMD T vDak.e ssves DaUM kULT vel DU Dhe k.SiDeviè

he ettakaeMk( Ut iSkh laiDvacSDaUM ai vet.ekDel aM Dhe laie ie ieBevaD( leDekDel = l (i TUiD

Dve DLeMD Ml J l (i tDev Dhe iDSl( UM Dve Del .e Beiè Mlev sveeMhUSie kUMlaDaUMi

Ml hash aMUkS. DaUM TveiiSve' Dhe Dve DLeMD c iel UM @ S ( TvUBalel Bev( ettakaeMD

kUMDvU. Ut V ' Dh D lattevel iasMatak MD.( tvUL Dhe UDhev tUvLS. DaUMi D h i DU ce iTekatael

Dh D Dhe TUiaDaBe veiS.D Ut Dhe Dve DLeMD c iel UM S ( H i eZTekDel kUMialevaMs Dhe hash
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iU.Sca.aD( Ut S– − aUMiè UHeBev' Dhai Dve DLeMD ai MUD i Dait kDUv( lSe DU Dhe hash Th(DUDUZakaD(

vekUvlel Ml ai MUD DvS.( veTveieMD DaBe Ut S h(' Hhakh ai Hale.( Siel aM T. MD TvUDekDaUM i

Uvle SZ LaZDSveè aPeHaie' Dhe .UH ettakaeMk( veTUvDel c( Dhe Dve DLeMDi c iel UM S Z .

Ml S ( Z ai TvUc c.( ve. Del DU Dhe TT.ak DaUM aM Dhe TveieMD iDSl( Ut Dhe TSve DekhMak .

kULTUSMl HaDhUSD M( kU@tUvLS. De Dh D ai Siel aM Dhe kULLevka . TvUlSkDiè

tSvDhev kULLeMD h i DU ce llel UM Dhe Dve DLeMD c iel UM .UMe' Hhakh lal MUD ihUH

M( DUZak ettekD UM Dhe T. MD Uv UM Dhe T DhUseMè he TUDeMDa . DUZakaD( Ut ai MUD k.e v.(

leikvacel aM .aDev DSve' Ml aD h i ceeM eZDeMiaBe.( iDSlael Ml TT.ael tUv L M( (e vi aM Dhe

Lelak . tae.l tUv k. ii ' Ml leBakeiè eBevDhe.eii' TvULaiaMs veiS.D UM Dhe sv TeBaMe

T DhUseM kUMDvU. H i veBe .el c( Dhe @ S ( i LT.e Ml .iU Dhe @ S ' Hhakh ai

iSTTUvDel c( Dhe TveBaUSi UcievB DaUMi UM Dhe T vDak.e ssves DaUM' iD ca.aD( Ml laiDvacSDaUMè

hai UcievB DaUM' .DhUSsh aD H i MUD iTekatak ..( Dhe Uc,ekD Ut Dhe TveieMD iDSl(' iSsseiDi Dhe

Meel tUv tSvDhev aMBeiDas DaUM Ut Dhe le.aBev( TvUTevDaei Ut M MUiDvSkDSvel DU eMh Mke Dhe

laiDvacSDaUM' TeviaiDeMke Ml UTDaL . ve.e ie Ut S– − aUMi è hai ai eBeM LUve

veL vP c.e tUv Dhe TUDeMDa . velSkDaUM Ut Dhe LUSMD Ut kDaBe iSciD Mkei Dh D Meel DU ce

TT.ael aM T. MD TvUDekDaUM' Hhakh ai UMe Ut DheL aM sU .i tUv iSiD aM c.e laie ieL M seLeMDè

M Dhai veiTekD Dhe ettak k( Ut velSkel lUi se Ut kUTTev s aMiD V H i vekeMD.(

aMBeiDas Del UM kULLevka . tUvLS. DaUMi TT.ael aM Uvs Mak BaDakS.DSve /³µçè
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Jè� UMk.SiaUMi

he TveieMD aMBeiDas DaUM ihUHel aMDeveiDaMs te DSvei Ut Dhe T vDak.ei tSMkDaUM .aiel HaDh

kUTTev– − kULTUSMliè TT.ak DaUMi Ut tUv lvSs le.aBev( h i TveBaUSi.( ceeM iDSlael L aM.(

aM Dhe Lelak . tae.l /±+±' ±+³çè he ve.e ie TvUTevDaei Ut ve. Del DU Dhe le.aBev( Ut LeD .

aUMi h i ceeM eZDeMiaBe.( leikvacel c( L M( SDhUvi /=α' μY&μ=çè UHeBev' iSkh le.aBev(

LUle. h i MUD ceeM veTUvDel aM .aDev DSve tUv Dhe Dve DLeMDi Ut T. MDi DU kUMDvU. tSMs .

T DhUseMi' aMk.SlaMs tSMs . laie iei Ut V è

M Dhai T Tev @ ( M .(iai ihUHel latteveMD aMDev kDaUM ceDHeeM Ml Dhe kUTTev– −

kULTUSMl' TUiiac.( c iel UM Dhe iU.Sca.aD( Ml T Ut Dhe latteveMD tUvLS. DaUMiè he

M .(iai ihUHel sv MS. v laiDvacSDaUM v MsaMs s.Uc ..( USD Ut Dhe M MULeDev v Mseè M Dhai

veiTekD' tSvDhev UcievB DaUMi HaDh Dhe Ml LakvUikUTei ihUHel' aM .. tUvLS. DaUMi'

. vse ssves Dei T vDa ..( M MUiDvSkDSvel' Hhakh Heve vekUsMaiel i ssves Dei Ml MUD

k.SiDevi' Ml DhSi iD c.e aM Dheav LakvULeDvak laLeMiaUMiè he i Le UcievB DaUMi h Be MUD ceeM

veTUvDel tUv M( M MUT vDak.eiè he leDekDel T vDak.ei' c iel UM k .kaSL' ThUiThUvUSi Ml

kUTTev' lal MUD ihUH M( Th(DUDUZak ettekD tDev Dheav TT.ak DaUM DU .e Bei Ut V è M

T vDakS. v' Dhe tUvLS. DaUMi c iel UM Ml S ( veBe .el Dhe TUiaDaBe vU.e T. (el c(

DU MeSDv .aie Dhe S– − aUMi ve.e iel c( S (' Hhakh ve veiTUMiac.e tUv Dhe hash

Th(DUDUZakaD( HheM TT.ael HaDhUSD M( kUtUvLS. DaUMè he i Le tUvLS. DaUMi ihUHel

TvULaiaMs veiS.Di UM kUMDvU..aMs Dhe tSMs . T DhUseM' kUMtavLaMs Dhe TUDeMDa . vU.e Ut i M

aMMUB DaBe le.aBev( i(iDeL Ut S– − aUMiè eBevDhe.eii' MeH LeDhUlU.Usaei Ut kh v kDevai DaUM

ihUS.l TT.( DU aMBeiDas De aM sve Dev leD a. Dhe aMDev kDaUM ceDHeeM Ml B vaUSi aUMiè M

T vDakS. v' Dhe hULU.Us DaUM Uv MUD Ut iSkh tUvLS. DaUMi DU Dhe M MUL Deva .i k. ii Meeli DU

ce tU..UHel c( iTekatak iDSlaei ves vlaMs Dhe TUDeMDa . DUZakU.Usak . ettekDi UM Dhe TT.ael

DaiiSei D Dhe M MULeDvak ik .eè

M kUMk.SiaUM' Dhe TveieMD iDSl( aMlak Dei Dhe TUiiaca.aD( DU aLTvUBe Dhe caU.Usak . kDaBaD( Ut

caU kDaBe iSciD Mke c( LUlat(aMs aDi iDvSkDSve DhvUSsh iTekatak Ml khaeB c.e tUvLS. DaUM

HaDh caUkULT Dac.e L Deva .è M Dhai kUMDeZD' Dhe leBe.UTLeMD Ut tSMkDaUM . LUle.i LashD

eMkUSv se tSvDhev aMDeveiDaMs TT.ak DaUMi UM svakS.DSv . DUU.i c iel .iU UM Uvs Mak Ml

aMUvs Mak kULTUSMliè
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h TDev ³

Ml eB .S DaUM Ut Dhe caU.Usak . kDaBaD( Ut h(lvUZ( T DaDe

tSMkDaUM .axel HaDh kUTTev– − kULTUSMli UM Dhe sv TeBaMe tSMs .

T DhUseMi kUMDvU.

ScLaDDel DU h(DUT DhU.Us( iô

DDaiDUM è' MDUMae..a è' a vkU è' UMD aMe è Ml SsM a è –³+±µ−è MMUB DaBe le.aBev( Ut

kUTTev– − aUMi c( M MU@iDvSkDSvel h(lvUZ( T DaDeô TUDeMDa . TT.ak DaUM DU eMh Mke

Dhe iSiD aM c.e kUMDvU. Ut è



@ YJ @

±è� ciDv kD

v TeBaMe – è− ai UMe Ut Dhe tvSaD kvUTi veESavaMs Dhe hasheiD tSMsakale aLT kD tUv

laie iei kUMDvU.è ai TvUc c.( Dhe LUiD ievaUSi sv TeBaMe laie ie c.e DU

k Sie kUMiaiDeMD (ae.l .Uiieiè Bev Dhe (e vi' ieBev . kDaBe aMsvelaeMDi Heve leBe.UTel DU

kUMDvU. Dhe TUDeMDa . laie ie l L seè he i(iDeL Dak Sie Ut Uvs Mak tSMsakalei h i aMlSkel Dhe

eLevseMke Ut veiaiD MD iDv aMi Ut V V M.( kUTTev@c iel Dve DLeMD vesaLe BUali Dhai'

Dh MPi DU Dhe MUM@iTekatak LUle Ut kDaUM Ut kUTTev@kUMD aMaMs tSMsakaleiè M Uvs Mak

BaDakS.DSve' Dhe TvUDekDaUM s aMiD lUHM( La.leH ai eiieMDa ..( eMiSvel c( Dhe Sie Ut kSTvak

tSMsakalei' Dhe Sie Ut Hhakh aM svakS.DSve ai eZTekDel DU ce tSvDhev veiDvakDel c( Dhe SvUTe M

kUSMDvaei' cek Sie Ut aDi kvaDak . ekUDUZakU.Usak . Ml Th(DUDUZakU.Usak . TvUta.eè he veie vkh

UM aMMUB DaBe tUvLi Ut kUTTev tUv lUHM( La.leH kUMDvU. TTe vel Dhe LUiD TvULaiaMs

TTvU kh i He.. i Dhe UTDaLax DaUM Ut Dhe laiDvacSDaUM Ml TeviaiDeMke Ut kUTTev@c iel

TeiDakaleiè he TveieMD veie vkh aMBeiDas Dei Dhe le.aBev( TvUTevDaei Ut caULaLeDak i(MDheDak

h(lvUZ( T DaDe – − DU eMh Mke Dhe caU.Usak . kDaBaD( Ut S– − aUMiè U Dhai aL' tUSv S– −

kULTUSMli – S (' S ' S ( Z Ml S Z .− Heve tUvLS. Del HaDh Dhe aMMUB DaBe

kULTUMeMD Ml TT.ael aM Tve.aLaM v( MDatSMs . ii ( s aMiD '

kULLUM sv TeBaMe T DhUseM iSaD c.e tUv kDaBaD( DeiDi' Ml taM ..( aM Dhe i

ettak k( ii (i s aMiD V SMlev sveeMhUSie kUMlaDaUMiè he veiS.Di hash.ashDel

latteveMD sv le Ut aMhacaDaUM c( e kh S– − kULTUSMl kkUvlaMs DU Dheav TT.ael lUi se Ml

aMlak DaMs .iU Dhe le.aBev( vU.e TUDeMDa ..( T. (el c( Dhe ' eiTeka ..( UM Dhe aMiU.Sc.e kUTTev

i .Diè Mlev sveeMhUSie kUMlaDaUMi' tSvDhev taMlaMsi UM Dhe caU.Usak . kDaBaD( Ut Dhe TT.ael

tUvLS. DaUMi Heve s aMel' eiTeka ..( UM Dhe ettak k( Ut B va c.e TevkeMD sei Ut aMDU Dhe

tUvLS. DaUMi' UM Dhe aMt.SeMke Ut lUie B va DaUM Ut Dhe tUvLS. DaUM Ml Dhe Dve DLeMD ettakaeMk(

Ml TeviaiDeMke SMlev v aM&H ihaMs ettekDè M kUMk.SiaUM' Dhe TveieMD iDSl( veBe .el TvULaiaMs

taMlaMsi UM Dhe tUvLS. DaUM c iel UM Dhe T vDak.ei Ml Dhe iU.Sc.e kUTTev i .D – S (−'

Hhakh veiS.Del hash.( ettakaeMD aM velSkaMs cUDh Dhe laie ie ieBevaD( Ml aMkaleMke aM .. Dhe

eZTevaLeMD . kUMlaDaUMi' iSsseiDaMs aM Dhe Le MDaLe leeTev aMBeiDas DaUM Ut tSMkDaUM .

LUle.i Ml Dhe kU@tUvLS. DaUM TvUkeii UM Dhe aMiU.Sc.e S– − kULTUSMliè



@ Y= @

³è� MDvUlSkDaUM

v TeBaMe – è− ai Dhe LUiD Hale.( kS.DaB Del Ml ekUMULak ..( aLTUvD MD tvSaD kvUT

/±±µçè v TeBaMe' svUHM cUDh tUv D c.e sv Te MlHaMe TvUlSkDaUM' ai .iU UMe Ut kvUTi veESavaMs

Dhe hasheiD tSMsakale aLT kD tUv laie iei kUMDvU. /αçè he hash LUSMD Ut tSMsakalei Siel ai

eiTeka ..( .aMPel DU Dhe iSikeTDaca.aD( Ut LUiD Ut Dhe kS.DaB vi DU lUHM( Ml

TUHlev( La.leHi aM k.aL Dak kUMlaDaUMi t BUSv c.e DU Dheie laie iei /³çè UHM( La.leH'

k Siel c( Dhe tSMs . T DhUseM – evPè ] SvDè− ev.è ] le UMa' ai TvUc c.(

Dhe LUiD ievaUSi sv TeBaMe laie ie' eiTeka ..( aM sv Te svUHaMs vesaUMi HaDh ve. DaBe.( kUU. Ml

HeD iTvaMs ie iUM /±±μçè M UTDaL . He Dhev kUMlaDaUMi –HeD' LUlev De DeLTev DSve− tUv Dhe

T DhUseM Ml HaDh MU TvUDekDaBe Dve DLeMD' lUHM( La.leH k M k Sie hSse .Uiiei /Jçè Uv Dhai

ve iUM' aM iSkh k.aL Dei' laie ie kUMDvU. cekULei kvSka . DU BUal kUMiaiDeMD (ae.l .Uiieiè

heLak . kUMDvU. ai Dhe LUiD ettekDaBe Le iSve kSvveMD.( Siel DU kUMDvU. lUHM( La.leH /±³αçè

M Dhe . iD lek lei' tSMsakalei c iel UM latteveMD kheLak . t La.aei –iDvUca.SvaM' k( xUt Lal'

k vc L De' TheM(. Lal' laDhaUk vc LL De' ThDh .aLale Uv kSTvak kULTUSMli− h Be ceeM

leBe.UTel Ml TT.ael c( HaMesvUHevi kkUvlaMs DU k .eMl v ikhelS.e i TvUDekDaUM s aMiD

Dhe laie ie /±³θçè

Bev Dhe (e vi' Dhe L iiaBe Sie Ut i(MDheDak tSMsakalei h i aMlSkel Dhe eLevseMke Ut veiaiD MD

iDv aMi Ut V /±³Yç' eiTeka ..( aM iaMs.e iaDe tSMsakalei lSe DU Dheav iTekatakLUle Ut kDaUMè

ekeMD.(' veiaiD MD iDv aMi Heve .iU leDekDel aM M eZTevaLeMD SMlev kUMDvU..el kUMlaDaUMi'

tDev Dhe TT.ak DaUM Ut LaZDSve c iel UM LS.DaiaDe i(MDheDak tSMsakalei /±³Jçè eiaiD Mke DU

kUTTev@c iel tSMsakalei h i MeBev ceeM veTUvDel aM V Dh MPi DU Dhe MUM@iTekatak LUle

Ut kDaUM Ut kUTTev@kUMD aMaMs tSMsakaleiè

UTTev H i Dhe taviD tSMsakale Siel tUv kUMDvU. Ut UL(keDe T DhUseMi /³±çè he Hale kDaBaD(

iTekDvSL Ut kUTTev ai c iel UM Dhe kULT.eZei Dh D kUTTev tUvLi HaDh LeLcv Me eMx(Lei'

ihUHaMs iS.Th(lv(.@' h(lvUZ(.@' LaMU@' Uv k vcUZ(.@svUSTi' Hhakh .e l DU eMx(Le aM kDaB DaUM

/±³αçè Uv ettakaeMD laie ie kUMDvU.' kUTTev Meeli DU ce TT.ael cetUve xUUiTUvei sevLaM Deè

aMke Dhe laikUBev( Ut Dhe ettak k( Ut kUTTev s aMiD lUHM( La.leH c( a..eD aM Dhe MaMeDeeMDh

keMDSv( /³+ç' tSMsakalei c iel UM latteveMD kSTvak i .Di Heve TT.ael UBev Dhe (e vi aM

TveBeMDaBe kUMDvU. iDv Desaei Ml TT.ael kkUvlaMs DU Dhe LeDeUvU.Usak . kUMlaDaUMi t BUv c.e

tUv aMtekDaUM /³Jçè

M Uvs Mak BaDakS.DSve' TvUDekDaUM s aMiD lUHM( La.leH iDa.. ve.aei UM Dhe Sie Ut kUTTev@c iel

tSMsakalei /±µç' kkUvlaMs DU iTekatak vesS. DaUMi Dh D .aLaD Dhe LUSMD Ut S TT.ael /±³=çè M

SvUTe M kUSMDvaei' aMk.SlaMs T aM' D .( Ml v Mke' Dhe Sie Ut kUTTev tUv TvUDekDaMs kvUTi ai



@ Yµ @

..UHel ST DU J Ps h @± Tev (e v Uv α+ Ps h @± Tev Y (e vi' eiD c.aihel aM Dhe esS. DaUM – −

αYθ9³+±θ /±³µçè eBevDhe.eii' aM iULe UDhev kUSMDvaei –eèsè eDhev. Mli' eML vP−' Dhe Sie Ut

kUTTev aM svakS.DSve ai tUvcalleM' Ml aM UDhev kUSMDvaei Dheve ve llaDaUM . veiDvakDaUMi –eèsè

α Ps h @± Tev (e v aM evL M(−è M Dhai .esai. DaBe tv Le' ai laikSiiaMs tSvDhev ES MDaD DaBe

.aLaD DaUMi tUv Dhe tSDSve /³µçè

he ekUDUZakU.Usak . TvUta.e Ut kUTTev ai He.. PMUHM Ml leikvacel aM Dhe .aDev DSve /±³μçè

LUMs Dhe iale ettekDi Ut kUTTev' kkSLS. DaUM aM svakS.DSv . iUa.i ai kUMialevel Dhe LUiD

kUMDvUBevia .è eaMs he B( LeD .' kUTTev ai MUD lesv lel aM iUa. Ml Dhe .UMs@DevL Sie Ut

kSTvak tSMsakalei aM Uvs Mak svakS.DSve ai veiTUMiac.e tUv eZDeMiaBe kUTTev kkSLS. DaUM aM iUa.i

/±α+çè M llaDaUM' Dhe TeviaiDeMD TT.ak DaUM Ut kUTTev tUv lUHM( La.leH kUMDvU. UtDeM veiS.Di

aM Th(DUDUZakaD( iSkh i cSvMaMs Ut (USMs ihUUDi Ml .e Bei /±α±çè eBevDhe.eii' Dhe Sie Ut

kUTTev ai iDa.. DU.ev Del' eiTeka ..( aM Uvs Mak BaDakS.DSve' kUMialevaMs aDi eZk.SiaBe TvUTevD( i

Hale@iTekDvSL tSMsakale Ml Dhe . kP Ut ettakaeMD .DevM DaBe Dve DLeMDi tUv kUMDvU..aMs

sv TeBaMe lUHM( La.leHè

M BaeH Ut Dhe .esai. DaBe veiDvakDaUMi' vekeMD iDSlaei h Be ceeM aLel D velSkaMs Dhe lUi se

Ut kUTTev aM kULLevka . tUvLS. DaUMi tUv kUMDvU. Ut V aM Uvs Mak BaDakS.DSve veBe .aMs

TUDeMDa . tUv ettakaeMD kUMDvU. D ³++ DU θ++ s S h @± Tev TT.ak DaUM /³µçè he aLT kD Ut Dhe

k.aL De kh Mse UM laie ie L M seLeMD h i DU ce kUMialevel i tSvDhev kULT.ak DaUM aM Dhe

kUMDvU. Ml L M seLeMD Ut lUHM( La.leHè .aM va V TvelakDel Dhe Meel tUv D .e iD DHU

LUve tSMsakale iTv (i DU kUMDvU. V eTaleLaki SMlev DheLUiD Mes DaBe k.aL De ikeM vaU

/±α³çè

eie vkh UvaeMDel DUH vli leBe.UTLeMD Ut aMMUB DaBe tUvLi Ut kUTTev tUv lUHM( La.leH

kUMDvU. h i TTe vel DU ce UMe Ut Dhe LUiD TvULaiaMs MeH TTvU kheiè M kULT v DaBe Dva .

TevtUvLel aM sveeMhUSie Ml BaMe( vl' DHU MUBe. kUTTev@c iel tUvLS. DaUMi ihUHel

aMDeveiDaMs veiS.Diè he taviD' c iel UM kUTTev s.SkUM De' H i T vDakS. v.( ettekDaBe aM Dhe

BaMe( vl Ml Dhe iekUMl UMe' c iel UM kUTTev TeTDal De' TvUBalel hash .eBe.i Ut laie ie

kUMDvU. aM cUDh kUMlaDaUMi cSD aMlSkel iasMi Ut Th(DUDUZakaD( aM Dve Del T. MDi /³θçè

he TUiiaca.aD( DU UTDaLaxe Dhe laiDvacSDaUM Ml TeviaiDeMke Ut kUTTev@c iel

TeiDakalei' h i .iU ceeM kUMialevel c( L M( iDSlaei aM M MUDekhMU.Us(è M T vDakS. v' Dhe

leBe.UTLeMD Ut i.UH@ve.e ie i(iDeLi tUv TeiDakalei h i UTeMel MeH TeviTekDaBei DU velSke

Dhe LUSMD Ut Dhe kDaBe iSciD Mke TT.ael .e laMs DU ettakaeMD T. MD TvUDekDaUM Ml laie ie

kUMDvU. /==' =µçè vULaiaMs veiS.Di Heve khaeBel c( Dhe eMsaMeevel M MUT vDak.ei – i−' iULe

tUvLS. Del HaDh kUTTev – S i− /µYçè UMeDhe.eii' MSLevUSi SDhUvi h Be veTUvDel Dhe Meel



@ Yμ @

tUv tSvDhev eB .S DaUMi UM iSkh i cUSD Dhe k(DUDUZakaD( Ml seMUDUZakaD( HaDhaM Dhe T. MD

DaiiSei /µµ' µμçè

he TveieMD veie vkh vaiei tvUL iSkkeiitS. caULelak . TT.ak DaUMi Ut M MUiDvSkDSvel Ml

caUkULT Dac.e L Deva .è M Dh D veiTekD Dhe caULaLeDak i(MDheDak h(lvUZ( T DaDe – − h i ceeM

iDSlael eZDeMiaBe.( lSe aDi SMaESe lvSs le.aBev( TvUTevDaei kDaBe UM LeD . aUMi Ml UM cUDh

Uvs Mak Ml aMUvs Mak kULTUSMli /μµ' μθçè he ssves DaUM ceDHeeM Dhe k.SiDevi Ut T vDakS. v

M MUiDvSkDSvel Ml tUSv S– − kULTUSMli H i TveBaUSi.( aMBeiDas Del c( DDaiDUM V

– kkeTDel−' veBe .aMs Dhe TUiiaca.aD( DU aLTvUBe Dhe laiDvacSDaUM Ut kUTTev UM Dhe .e Bei c(

LUlat(aMs aDi iDvSkDSve DhvUSsh iTekatak Ml khaeB c.e tUvLS. DaUM HaDh caUkULT Dac.e

L Deva .è

he aL Ut Dhe TveieMD iDSl( H i DU ii ( Dhe kDaBaD(' SMlev kUMDvU..el kUMlaDaUMi' Ut

tUvLS. DaUMi c iel UM T vDak.ei Ml tUSv latteveMD S– − kULTUSMli s aMiD V è

Uve iTekatak ..(' Dhe HUvP H i tUkSiel –a− UM Dhe MDatSMs . kDaBaD( Ut e kh S– − kULTUSMl

tUvLS. Del HaDh ' DeiDel UM veteveMke tSMs . T DhUseMi Ml q –aa− UM Dhe

ettak k( Ut B va c.e TevkeMD sei Ut aM Dhe tUvLS. DaUMiq –aaa− UM Dhe aMt.SeMke Ut lUi se

B va DaUM Ut Dhe Dve DLeMDi – D .UHev S– − TevkeMD se Dh M Dhe lUi sei vekULLeMlel tUv

kSTvak tSMsakalei−q Ml –aB− eB .S DaUM Ut Dhe v aM&H ihaMs ettekD UM Dhe TvUDekDaBe Dve DLeMDiè
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αè� Deva .i Ml LeDhUli

αè±è� SMkDaUM .ai DaUM Ut h(lvUZ( T DaDe HaDh S– −

H Dev iSiTeMiaUM kUMD aMaMs α+∆ –H H@±− Ut M MUiDvSkDSvel h(lvUZ( T DaDe – ls DSv .

eBe.UTLeMD vUST v.' D .(− H i UcD aMel kkUvlaMs DU T DeMDel TvUkeii Ut i(MDheiai /±+Yçè

USv S– − kULTUSMli – Mv@ caLeD' U.UsM ' D .(− Heve TveT vel DU tSMkDaUM .axe ô kUTTev

iS.t De TeMD h(lv De – S (−' Dvac iak kUTTev iS.t De – S −' kUTTev UZ(kh.Uvale – S Z .−

Ml kUTTev h(lvUZale – S ( Z−è SMkDaUM .ax DaUM Ut Dhe TvUlSkDi H i k vvael USD c(

L aMD aMaMs Dhe i.Svv( HaDh Dhe veiTekDaBe S– − kULTUSMl Ml H Dev kULT.eZè he B vaUSi

S– − kULTUSMli Heve Tve@iU.Sca.axel Uv iSiTeMlel aM H Dev Ml DheM llel DU Dhe i.Svv('

PeeTaMs aM i.UH saD DaUM tUv θ hè UvLS. DaUMi Heve TveT vel c iel UM DHU TTvU khei tUv

DHU latteveMD ettak k( ii (iô –a− B v(aMs cUDh Dhe Ml S– − ∆ H H@± – c.e ±− Ml –aa− B v(aMs

Dhe ∆ H H@± Ml L aMD aMaMs TveletaMel S– − kUMkeMDv DaUM – c.e ³−è he tUvLS. DaUMi

Heve M .(iel c( MlSkDaBe.( UST.el . iL TDak . LaiiaUM TekDvULeDv( – vkUi@ TekDvU'

LeDeP' .eBe' evL M(− DU Bevat( Dhe kUTTev kUMkeMDv DaUMè

c.e ±è LT.ei c iel UM Ml S– − kULTUSMli Ml ve. Del tUvLS. DaUMi TveT vel kkUvlaMs DU Dhe B va DaUM

Ut cUDh Dhe Ml S– − ∆ H H@±q T H i Le iSvel D ³+W UM i LT.ei tDev la.SDaUM HaDh laiDa..el H Dev –T

=èY+−q ttak k( ii ( ± – ±−è

LT.ei ∆ H H@±
S– − kULTUSMl

∆ H H@±
S– −

∆ H H@± T

@α α +è+ +è+ =èµµ
@J J +è+ +è+ ±+èαY

S (@+ + ³±è+ Yè³ YèY=
S (@α α ³±è+ Yè³ Yè=+
S (@J J ±Jè+ θè+ Jè+Y
S @+ + μèJ Yè³ =èY³
S @α α μèJ Yè³ =è=μ
S @J J =èθ θè+ =èαY
S Z .@+ + μèY Yè³ =èJ±
S Z .@α α μèY Yè³ =èµ+
S Z .@J J =è+ αèµ =èα±
S ( Z@+ + µèY Yè³ =èJY
S ( Z@α α µèY Yè³ =èµ+
S ( Z@J J JèY θèθ =è±μ

αè³è� UTTev lUiei

M Dhe i LT.ei – c.ei ± Ml ³−' Dhe S– − kUMkeMDv DaUM H i eiD c.aihel D Yè³Y ê +è+θ∆ H H@±

tUv Dhe tUvLS. DaUMi ST DU Yèθ∆ H H@± Ut Ml θè±Y ê +èα+∆ H H@± tUv Dhe tUvLS. DaUMi HaDh

J∆ H H@± Ut ' lSe DU Dhe S– − kULTUSMl iD ca.aD( aM tUvLS. DaUM HaDh è



@ J± @

he LUSMD Ut TvUlSkD TT.ael –Uv Dve DLeMD lUie− tUv e kh i LT.e H i B vael iU Dh D Dhe taM .

LUSMD Ut S– − TT.ael aM e kh veT.ak De H i iD Ml vlaxel LUMs .. Dve DLeMDiè

c.e ³è LT.ei c iel UM Ml DHU S– − kULTUSMli – S (' S − Ml ve. Del tUvLS. DaUMi TveT vel

B va DaMs Dhe –∆ H H@±− Ml L aMD aMaMs TveletaMel S– − kUMkeMDv DaUM –Yè³∆ H H@±−q ttak k( ii ( ³ – ³−

Ml α – α−è

LT.ei
∆ H H@±

S– − kULTUSMl
∆ H H@±

S– −
∆ H H@±

³

S (@+èJ +èJ ³±è+ Yè³
S (@±è³ ±è³ ³±è+ Yè³
S (@³èθ ³èθ ³±è+ Yè³
S (@αèJ αèJ ³±è+ Yè³
S (@Yèθ Yèθ ³±è+ Yè³

α

S @+èJ +èJ μèJ Yè³
S @±è³ ±è³ μèJ Yè³
S @³èθ ³èθ μèJ Yè³
S @αèJ αèJ μèJ Yè³
S @Yèθ Yèθ μèJ Yè³

kkUvlaMs DU TveBaUSi iDSl(' Hhakh M .(iel Dhe ettekDaBe LUSMD Ut S– − UM Dve Del .e Bei

aM lUHM( La.leH kUMDvU. ii (i /³µç' i LT.ei Heve TT.ael c( iTv (aMs

iU.SDaUMi9iSiTeMiaUMi HaDh Dhe tU..UHaMs eLTavak ..( levaBel kUMkeMDv DaUMi Ut S– −ô +è+±'

+è+³Y' +è+Y' +è+=Y∆ H H@± – c.e α−è Skh kUMkeMDv DaUMi Heve .iU lUTDel kkUvlaMs DU Dhe

aL Ut e kh ii (è DhevHaie' kUMialevaMs Dhe avve.eB MD MDaLakvUca . kDaBaD( Ut Dhe TSve

leikvacel aM .aDev DSve /±αα' μµç' aM Dhe Tve.aLaM v( MDatSMs . ii ( Dhe i LT.ei – c.e

±− Heve TT.ael D hashev kUMkeMDv DaUMi Dh M è Uve iTekatak ..(' Dhe iU.al svUHDh

Lela H i lUiel HaDh S– − D kUMkeMDv DaUMi Ut +è+Y' +è±' +è³∆ H H@±è

c.e αè S– − kUMkeMDv DaUMi TT.ael c( Dhe eZTevaLeMD . Dve DLeMDi Tev e kh ttak k( ii (iè

ttak k( ii ( S– − ∆ H H@±

± +è+³Y
³ +è+Y+ @ +è+³Y @ +è+±+
α +è+Y+ @ +è+³Y @ +è+±+
θ +è+=Y

αèαè� ve.aLaM v( MDatSMs . ii (

Uv Tve.aLaM va.( SMleviD MlaMs Ut Dhe TSD DaBe MDatSMs . kDaBaD( Ut tUvLS. Del HaDh e kh

S– − kULTUSMl' Dhe i LT.ei – c.e ±− Heve TT.ael tUv Dhe L(ke.a . svUHDh aMhacaDaUM

– − DeiD /±αθçè
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iDv aM Ut eviè H i khUieM i veTveieMD DaBe sv TeBaMe T DhUseM' UtDeM

DeiDel tUv MDatSMs . ii (i .UMsiale kUMDvU. ii (i UM V /±αJçè .D

eZDv kD s v – −' kULTUiel Ut L .D eZDv kD ³+ s @± la – aUta.kheL v.' D .(−' s v ±Y s @±

– aUta.kheL v.' D .(− Ml laiDa..el H Dev' H i LeMlel HaDh Dhvee latteveMD lUi sei – c.e ±−

Ut Dhvee S– − kUMkeMDv DaUMi –+è+Y' +è±' +è³∆ H H@±− kULcaMel HaDh Dhe kUMkeMDv DaUM

ve. Del DU Dhe i LT.eè eDva laihei –la LeDev μ kL−' e kh kUMD aMaMs ±Y L Ut LelaSL' Heve

aMUkS. Del c( Dv MitevvaMs +è= LL la Lè L(ke.a . laiki D PeM tvUL Dhe TevaThev( Ut Y&= l (i@

U.l kS.DSvei Ut V Ml T. kel STiale lUHM D Dhe keMDve Ut Dhe T. Deè ve Del Ml

SMDve Del kUMDvU. T. Dei Heve aMkSc Del D ³YW aM l vPMeii HaDh Dhvee veT.ak Dei Tev

Dve DLeMDè UMDvU. T. Dei Heve T. aM è vUHDh aMhacaDaUM H i k .kS. Del l a.( SMDa. Dhe YDh

l ( TUiD aMUkS. DaUM i tU..UHiô " /– & −9 ç ±++' Hheve' ai Dhe la LeDev Ut L(ke.a .

svUHDh aM kUMDvU. T. Dei Ml ai Dhe la LeDev Ut L(ke.a . svUHDh aM Dve Del T. Deiè

αèθè� MDatSMs . ii (

ZTevaLeMDi aM kUMDvU..el kUMlaDaUMi Heve TevtUvLel aM M eZTevaLeMD . sveeMhUSie D

UMl xaUMe lLSMl kh – M akhe.e ..ù lase' veMDU' D .(−è USv kUMiekSDaBe ettak k(

ii (i – − s aMiD V Heve k vvael USD DU eB .S Deô – ±− Dhe TevtUvL Mke Ut e kh S– −

kULTUSMl tUvLS. Del HaDh q – ³& α− Dhe ettak k( Ut B vaUSi kUMkeMDv DaUMi Ut aMDU Dhe

tUvLS. DaUMi c iel UM Dhe DHULUiD ettekDaBe S– − kULTUSMli Ml TT.ael D B vaUSi

lUi seiq – θ− Dhe ettak k( Ml iD ca.aD( Ut Dhe LUiD ettekDaBe tUvLS. DaUMi SMlev v aM@

H ihaMs ettekDè he i Le TvUDUkU. H i TT.ael tUv .. Dhe ' TT.(aMs v aM t iDMeii DeiD aM

θè

αèθè±è� . MD L Deva .V ±@(e v@U.l sv TeBaMe T. MDi – ' kB h vlUMM ( sv tDel UM

Ucev Y vUUDiDUkP− Heve svUHM aM aMlaBalS . ³èY@.aDev TUDi Ut Te D@vakh' Tve@tevDa.axel – ô

±θô±Jô±µ− iD Ml vl iUa. – UTtiSciDv D θY+q DeMlev' khevLcekP' evL M(− SMlev M DSv .

.ashD –±Y h e kh l (− D DeLTev DSvei v MsaMs tvUL ±µ&³µW è aZ TUDDel BaMei HaDh D .e iD ±&³

ihUUDi Ml µ&±+ leBe.UTel .e Bei Heve ie.ekDel i veT.ak Dei tUv e kh Dve DLeMDè

αèθè³è� veBeMDaBe Dve DLeMDi Ml aMUkS. DaUMV aiDa..el H Dev H i Siel i Dhe kUMDvU.

Dve DLeMD' .UMsiale Dhe iD Ml vl Dve DLeMDi c iel UM kSTvak Uv Uvs Mak kULLevka .

tSMsakalei – c.e θ−è



@ Jα @

c.e θè eteveMke Dve DLeMDi veiS.Di UM Dhe Le M laie ie ieBevaD( –∆− Ml Le M laie ie aMkaleMke –∆− leDekDel

aM TUDDel sv TeBaMei –kBè h vlUMM (− aM e kh ttak k( ii (i – −è

ve DLeMD
èa

∆ H H@±
Ui se

∆ H H@±
aie ie eBevaD(

–∆− ê
aie ie MkaleMke

–∆− ê
± Dev –TUiaDaBe kUMDvU.− @@ @@ αYèθ ê ±+èJ μJèθ ê αèJ

S MDSL” – l L − aLeDULUvt Y+ +è+Y YèY ê ±è+ =³èJ ê JèJ
UTv MDU. ” – (MseMD − S ( Z θ³èα= +è³+ JèJ ê ±èα JJèJ ê =è³

³ Dev –TUiaDaBe kUMDvU.− @@ @@ J+èμ ê =èθ ±++è+ ê +è+
S MDSL” – l L − aLeDULUvt Y+ +è+Y ³èθ ê +èY ³+è+ ê µèθ
UvlU .UH” – Mak − S ( θμèJ +èθ+ θèJ ê +èJ Jαè± ê ±+èθ

α

Dev –TUiaDaBe kUMDvU.− @@ @@ αµè= ê ±±è= µJè³ ê µèY
S MDSL” – l L − aLeDULUvt Y+ +è+Y ±è= ê +èθ ³µè+ ê YèY
va ie” – St vL− S ³µ +èαα JèY ê ³è+ J±èα ê ±+èµ

θ

+
L
L

v
aM

Dev –TUiaDaBe kUMDvU.− @@ @@ YYè= ê =èμ ±++è+ ê +è+
S MDSL” – l L − aLeDULUvt Y+ +è+Y ³èµ ê +èµ θθèθ ê ±+èα
UvlU .UH” – Mak − S ( θμèJ +èJ+ ±è³ ê +èY ³+è+ ê =è+
va ie” – St vL− S ³µ +èθμ ³èθ ê +èα θ+èµ ê αèθ

Y+
L
L

v
aM

Dev –TUiaDaBe kUMDvU.− @@ @@ Yθèμ ê ³èμ ±++è+ ê +è+
S MDSL” – l L − aLeDULUvt Y+ +è+Y YèJ ê +è= JαèY ê μèJ
UvlU .UH” – Mak − S ( θμèJ +èJ+ Yèα ê ±èμ JYèμ ê ±±è=
va ie” – St vL− S ³µ +èθμ ±³èJ ê +èJ μ=èµ ê ±èα

αèθèαè� M . cUv DUv( kUMlaDaUMi –DeLTev DSve ³+ ê ±W ' ve. DaBe hSLalaD( JY ê Y∆' vDataka .

.ashD−' veteveMke tSMsakalei Heve la.SDel kkUvlaMs DU Dhe vekULLeMlel lUi se' Hha.e e kh

eZTevaLeMD . i LT.e Heve laiiU.Bel Uv iSiTeMlel aM iTekatak BU.SLe Ut laiDa..el H Dev

kkUvlaMs DU Dhe S– − kUMkeMDv DaUM aMBeiDas Del aM e kh è he T Ut Dhe la.SDel

i LT.ei Ml laiDa..el H Dev – c.e ±− H i Le iSvel HaDh T LeDev –T Yαµq Lc '

ea.heaL' evL M(−è TTvUZaL De.( α+ L Ut e kh iU.SDaUM Uv iSiTeMiaUM Heve TT.ael DU Dhe

T. MDi HaDh s vleM iTv ( TSLT – Tv (ev +èJ ' evU( ev.aM' D .(− D PaMs k ve DU kUBev

hULUseMUSi.( cUDh Dhe l Za . Ml c Za . .e t iSvt keè etUve aMUkS. DaUM' T. MDi Heve .etD DU

lv( D vUUL DeLTev DSveè MUkS.SL Ut V H i TveT vel aLLela De.( cetUve aMUkS. DaUM

c( H ihaMs sv TeBaMe .e Bei Dh D h l tveih.( iTUvS. DaMs .eiaUMi HaDh kU.l –θW − laiDa..el H Devè

he kUMkeMDv DaUM Ut Dhe aMUkS.SL iSiTeMiaUM H i l,SiDel DU Y Z ±+Y iTUv Msa L @± c iel UM

TveBaUSi iTUv Msa kUSMD HaDh h eLUk(DULeDevè aZ h TUiD Dve DLeMD' Dhe iSiTeMiaUM H i

iTv (el UM TUDDel BaMei D PaMs k ve DU kUBev Dhe c Za . iSvt ke Ut .e Bei' eZkeTD iaZ kUMDvU.

T. MDi Dh D Heve MUD aMUkS. Del i kUMDvU.è . MDi Heve Dv Mitevvel DU l vP svUHDh kh Lcev

tUv ±J h' D ³+ ê ±W ' ve. DaBe hSLalaD( – − Ut µ+ DU μμ∆ Ml DheM aMkSc Del aM Dhe sveeMhUSie

tUv = l (i –aMkSc DaUM TevaUl−' D ³Y ê ±W ' J+∆ Ml M DSv . .ashDè tDev Dhe aMkSc DaUM

TevaUl' T. MDi Heve T. kel s aM aM l vP svUHDh kh Lcev tUv ±J h' D ³+ ê ±W Ml µ+ DU

μμ∆ DU TvULUDe V iTUvS. DaUMè
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αèθèθè� aM t iDMeii DeiDV M Dhe tUSvDh ttak k( ii ( – θ−' v aM t iDMeii H i iaLS. Del θ h

tDev Dhe Dve DLeMDiè UDDel BaMei Heve iSc,ekDel DU + Uv α+ LL Ut iaLS. Del v aM –α+ LL9h−

TT.ael c(Le Mi Ut ±θ iTvaMP.evi TUiaDaUMel ³è³ L cUBe Dhe iUa. – asè ±−' TvUDekDel tvUL HaMl'

Ml vesS. Del DU TvUlSke lvUTi iaLa. v aM iaxe DU v aMlvUTi –+èα DU ³èY LL−è tDev Dhe iaLS. Del

v aMt ..' T. MDi Heve .etD DU lv( θ h Ml DheM aMUkS. Del HaDh Dhe T DhUseM i TveBaUSi.(

leikvacelè

asè ±è aM t iDMeii iaLS. DUv – ' M akhe.e ..ù lase' D .(− eESaTTel Ut ±θ iTvaMP.evi TUiaDaUMel ³è³ L cUBe

Dhe iUa. Ml vesS. Del DU TvUlSke lvUTi iaLa. v aM iaxe DU v aMlvUTi –+èα&³èY LL−è

αèθèYè� iieiiLeMD Ut laie ie ieBevaD( Ml aMkaleMkeV he Dve DLeMD kDaBaD( H i eB .S Del

c iel UM DHU T v LeDeviô laie ie aMkaleMke –Dhe MSLcev' eZTveiiel i TevkeMD se' Ut .e Bei

HaDh Ua. iTUD i(LTDULi Ml9Uv Baiac.e iTUvS. DaUM− Ml laie ie ieBevaD( –TevkeMD se Ut .e t ve

kUBevel c( iTUvS. DaMs .eiaUMi−è kkUvlaMs DU Dhe iD Ml vl ik .e /±α=ç' cUDh T v LeDevi

Heve BaiS ..( eiDaL Del SiaMs kUMDaMSUSi B .Se Ut TevkeMD seè

αèθèJè� MBavUMLeMD . k MMaMs .ekDvUM akvUikUT( – −è M Dhe taviD ttak k( ii ( – ±−'

Dhe laiDvacSDaUM Ut Dhe Dve DLeMDi UM Dhe T. MD tU.a se Ml Dhe iDvSkDSv . te DSvei Ut Dhe

T vDak.ei iSiTeMlel aM Dhe DeiDel tUvLS. DaUMi –c iel UM α∆−' Heve iieiiel c( lavekD

M .(iei HaDh M MBavUMLeMD . k MMaMs .ekDvUM akvUikUTe – ea S MD ³++ '

UvTUv DaUM' aMlhUBeM' he eDhev. Mli−' UTev DaMs aM .UH@B kSSL LUle' D ³Y P '

HaDhUSD Tve@Dve DLeMD Ut Dhe i LT.eiè @v ( – − LakvU M .(iai c( M Mevs(@ aiTeviaBe

(iDeL' kUST.el DU Dhe – ' iUtDH ve eMeiai' ' hH h' ' − H i

Siel DU aMBeiDas De Dhe kULTUiaDaUM Ut Dhe T vDak.ei Ml Dhe laiDvacSDaUM Ut Dhe ve. Del e.eLeMDi



@ JY @

UM Dhe .e t iSvt ke' Dh D ve –M Le.(− ' ' S' ' .è cievB DaUMi Heve TevtUvLel UM Dhe

.e Bei Ut Dve Del TUDDel BaMei' µ l (i TUiD Dve DLeMDè U.a v i LT.ei Heve kU..ekDel tvUL e kh

veT.ak De Ut .. Dhe aMBeiDas Del kUMlaDaUMi c( kUSMDaMs tvUL Dhe c i . T vD Ut Dhe TvaL v( ihUUD

Ml i LT.aMs Dhe tUSvDh .e tè e Bei Heve kSD aMDU iL .. TUvDaUMi –±+ LL Z ±+ LL− Ml

Dv Mitevvel DU kUMlSkDaBe lheiaBe k vcUM LUSMDel UM .SLaMaSL iDSciè

αèYè� D DaiDak . M .(iai

D DaiDak . M .(iai H i TevtUvLel SiaMs D DaiDak . UtDH veè M Dhe ii (' Dhe

Le iSveLeMDi Heve veT.ak Del aM Dhvee aMleTeMleMD eZTevaLeMDiè H i TevtUvLel DU

iDSl( Dhe iasMatak Mke Ut latteveMkei – û +è+Y− ceDHeeM Le M B .Sei Ut ∆è ZTevaLeMDi

TevtUvLel SMlev sveeMhUSie kUMlaDaUMi Heve leiasMel i v MlULaxel kULT.eDe c.UkPiè D

Ut Dhe laie ie ieBevaD( Ml aMkaleMke UM .e Bei Heve M .(xel HaDh i aMlak DUv Ut Dhe

laie ie leBe.UTLeMD Ml Dhe ettakaeMk( Ut Dhe Dve DLeMDiè heM latteveMkei Heve tUSMl – û

+è+Y−' SPe(%i DeiD c iel UM .e iD iES ve Le Mi –.iLe Mi T kP se− H i TT.ael DU iDSl(

latteveMkei ceDHeeM Dhe B vaUSi .eBe.i Ut Dhe t kDUv /±αYçè he kUMDv iDi ceDHeeM kUMDvU.

Dve DLeMDi –kULLevka . tSMsakalei Ml H Dev−' DeiDel aM latteveMD ii (i' H i TevtUvLel

ieT v De.( tvUL Dhe kULT vaiUMi Ut Dhe eZTevaLeMD . Dve DLeMDi aM Uvlev DU MUD ttekD Dhe l D

aMDevTveD DaUM i Dhe taviDi lU MUD eZTveii Dhe t kDUvi Ml9Uv Dhe t kDUv .eBe.i Ut Dhe iekUMliè

eBevDhe.eii' Dhe veiS.Di kUMkevMaMs kULLevka . tSMsakalei Heve T.UDDel –ssT.UD³ T kP se−

DU eB .S De Dhe ettekDi Ut Dheie TvUlSkDi UM ieBevaD( Ut lUHM( La.leH aMtekDaUM Ml leDevLaMe

Dhe ve. DaUMihaT ceDHeeM Dhe LUSMD Ut Dhe kDaBe aMsvelaeMD TT.ael Ml Dhe ettak k( Ut Dhe

Dve DLeMDC
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ettekD i Dhe .UHeiD kUMkeMDv DaUM Ut S– − ihUHel Dhe .UHeiD T DhUseM aMhacaDaUM' Hhakh

iasMatak MD.( aMkve iel D +è³∆ Ut S– −' veiTekDaBe.( tvUL ±+∆ DU =+∆è he t kDUv T. (el

B va c.e ettekD UM Dhe S– − kULTUSMli' leTeMlaMs UM aDi kUMkeMDv DaUMè D α∆ Ut ' S (

H i iDa.. Dhe LUiD ettekDaBe UM Dhe tS.. kUMDvU. Ut Dhe V svUHDh' eBeM velSkaMs Dhe

LUSMD Ut S– −è D Dhe .UHeiD kUMkeMDv DaUM Ut S– −' Dhe i Le .eBe. Ut h l M UTTUiaDe

ettekD UM S ( Z Ml S Z .' velSkaMs Dhe aMhacaDaUM kDaBaD( UM Dhe taviD Ml aMkve iaMs Dhe

svUHDh aMhacaDaUM ∆ UM Dhe iekUMlè S ihUHel iaLa. v aMhacaDaUM Ut Dhe kUvveiTUMleMD

TSve S– − kULTUSMl' Hha.e Dhe TevtUvL Mke Ut S ( Z H i velSkel c( Dhe α∆ Ut '

eiTeka ..( D Dhe hashev LUSMD Ut S– −è atteveMD veiS.Di Heve veTUvDel c( Dhe J∆ Ut è Skh

.eBe. velSkel Dhe aMhacaDUv( kDaBaD( Ut Dhe .UHeiD kUMkeMDv DaUM Ut S (' Hha.e UM Dhe UDhev

S– − kULTUSMli aMkve iel Dhe ∆' eiTeka ..( UM Dhe S Z .' Ml S ( Z D +è³∆ Ut S– −è

he iD DaiDak . M .(iai ihUHel Dh D aMleZ H i latteveMD – û +è+Y− tUv Dhe S– − kULTUSMli'

Dhe TT.ael S– − LUSMDi Ml Dhe ∆ Ut è

θè³è� ettak k( ii (

θè³è±è� ttekD Ut S– − kULTUSMli tUvLS. Del HaDh è he sveeMhUSie Dva . ± aMBeiDas Del

Dhe ettak k( Ut Dve DLeMDi c iel UM tUSv S– − kULTUSMli tUvLS. Del HaDh DHU TevkeMD sei

Ut aM Dhe kUMDvU. Ut Dhe sv TeBaMe T DhUseM V è eiS.Di UM laie ie ieBevaD( ve ihUHM

aM asè αè D Ut Dve DLeMDi c iel UM –a− H Dev i TUiaDaBe kUMDvU.' –aa− Uvs Mak tSMsakale' –aaa−

kSTvak tSMsakale Ml –aB− α∆ ve TveieMDel ieT v De.( – asè α − Ml kULT vel DU Dhe veiS.Di

Ut Dhe eZTevaLeMD . Dve DLeMDi – asè α −è he TUiaDaBe kUMDvU. ihUHel B va c.e laie ie

ieBevaD(' HaDh Le M Ut αY∆' HaDh L Z B .Se Me v.( =Y∆' iasMatak MD.( latteveMD tvUL cUDh

tSMsakalei' Hhakh h Be veTUvDel sUUl laie ie kUMDvU.è ve DLeMD c iel UM α∆ Ut lal MUD

ihUH M( ettekD s aMiD V veBe .aMs laie ie ieBevaD( laiDvacSDaUM iaLa. v DU Dhe TUiaDaBe

kUMDvU.è U tU.a v i(LTDULi ve. Del DU V aMtekDaUM leBe.UTel UM Dhe MUM@aMUkS. Del

TUDDel BaMe kUMDvU.iè he ettekDi lSe DU Dhe t kDUvi S– − kULTUSMl Ml Heve cUDh tUSMl

DU ce iasMatak MD.( latteveMD – û +è+Y−è M c.e Y' Dhe kUMDv iDi – SPe(ùi DeiD− HaDhaM Dhe

t kDUv Q S– − kULTUSMl8 Ml Dhe t kDUv Q ∆8 ve veTUvDel tUv Dhe laie ie ieBevaD( Ml

aMkaleMkeè UMialevaMs Dhe TSve S– − kULTUSMli' Dhe .UHeiD laie ie ieBevaD( H i veTUvDel c(

S (' ihUHaMs Y∆ Ut Le M laie ie ieBevaD(' iasMatak MD.( latteveMD tvUL Dhe UDhev S– −

kULTUSMliè he TT.ael S– − kUMkeMDv DaUM –+è+³Y∆ H H@±− H i MUD ettekDaBe tUv Dhe UDhev

TSve kULTUSMliè UMkevMaMs Dhe tUvLS. DaUMi c iel UM α∆ Ut ' hash iasMatak MD velSkDaUM

aM laie ie ieBevaD( H i veBe .el UM S ' ihUHel .iU D J∆ Ut c( i.ashDev velSkDaUMè he
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c.e Yè UMDv iDi aM T avi – SPe(ùi DeiD− HaDhaM Dhe t kDUv QkUTTev kULTUSMl8 Ml Dhe t kDUv Q ∆8 ihUHaMs

Dhe iasMatak MD latteveMkei UM laie ie ieBevaD( Ml aMkaleMkeq ttak k( ii ( ±è

aie ie eBevaD(
S ( Z S Z . S ( S

+ α J + α J + α J + α J

aie
ie

Mk
al
eM

ke
S

(
Z + Mèiè Mèiè … @@ @@ … @@ @@ Mèiè @@ @@

α Mèiè … @@ … @@ @@ Mèiè @@ @@ Mèiè @@

J Mèiè Mèiè @@ @@ Mèiè @@ @@ Mèiè @@ @@ …

S
Z

. + Mèiè @@ @@ Mèiè … Mèiè @@ @@ … @@ @@

α @@ Mèiè @@ Mèiè Mèiè @@ … @@ @@ … @@

J @@ @@ Mèiè Mèiè Mèiè @@ @@ Mèiè @@ @@ Mèiè
S

( + Mèiè @@ @@ Mèiè @@ @@ Mèiè Mèiè … @@ @@
α @@ … @@ @@ … @@ … Mèiè @@ Mèiè @@

J @@ @@ Mèiè @@ @@ Mèiè Mèiè … @@ @@ Mèiè

S

+ Mèiè @@ @@ Mèiè @@ @@ Mèiè @@ @@ … …

α @@ Mèiè @@ @@ … @@ @@ … @@ Mèiè Mèiè

J @@ @@ Mèiè @@ @@ Mèiè @@ @@ Mèiè Mèiè Mèiè

… " iasMatak MD latteveMke D û +è+Y' Mèiè " MUD iasMatak MD latteveMke D
û +è+Yq SPe(ùi DeiDè

θè³è³è� ttekD Ut kUMkeMDv DaUM Ml TT.ael LUSMD Ut S– −è he B va ca.aD( Ut Dhe t kDUv

Q ∆8 aMDU Dhe tUvLS. DaUM Ml Dhe ettekD Ut Dhe t kDUv QlUi se ∆ H H@±8 H i iDSlael aM

sveeMhUSie Dva .i ³ Ml α' c( TT.(aMs Dve DLeMDi c iel veiTekDaBe.( UM S ( Ml

S ' Hhakh Heve Dhe DHU LUiD ettekDaBe S– − kULTUSMli aM ±è M c.e θ veiS.Di Ut Dhe

kUMDvU. Ml Dhe kULT vaiUM Dve DLeMDi ve ihUHMè U i(LTDULi Heve leDekDel aM Dhe

Mes DaBe kUMDvU.è (LTDULi Heve LUiD ieBeve Ml lattSiel aM ³ –veiTekDaBe.( J+èμ∆ Ml

±++∆− Dh M aM α –veiTekDaBe.( αµè=∆ Ml µJè³∆−' Ml aM cUDh eZTevaLeMDi Dhe latteveMkei

Heve iasMatak MDè he Dve DLeMD c iel UM aLeDULUvt H i hash.( ettakaeMD aM velSkaMs cUDh Dhe

laie ie ieBevaD( Ml aMkaleMkeè asSve θ ihUHi Dhe laie ie ieBevaD( –∆− leDekDel aM ³ – asè

θ − Ml aM α – asè θ −è UMialevaMs Dhe tUvLS. DaUMi c iel UM S ( – asè θ − aM kULT vaiUM

DU Dhe S ( tSMsakale – c.e θ−' sUUl laie ie kUMDvU. H i veTUvDel c( .. Dhe ∆ Ml D

S– − +è+Y∆' veBe .aMs hashev B va ca.aD( aM laie ie ieBevaD( D Yèθ∆ Ml Dhe .UHeiD Le M

ieBevaD( ceDHeeM ³èθ&αèJ∆è D .UHev .eBe.i Ut Dhe t kDUv QlUi se ∆ H H@±8' Dhe i Le

tUvLS. DaUMi veBe .el hashev B va ca.aD( aM laie ie ieBevaD(' Hhakh ai k.Uie DU Dhe kULLevka .

tSMsakale –θèJ∆− D S– − +è+³Y∆ Hha.e D S– − +è+±∆ ihUHi hashev Le M B .Seiè eiTaDe Dhe

TevtUvL Mke aM kUMDvU..aMs Dhe laie ie' hash Th(DUDUZak ettekD H i leDekDel UM Dhe sv TeBaMe

.e Bei Dve Del c( Dhe S ( tUvLS. DaUMi D +èJ∆ Ml .eii D ±è³∆' HaDh L ,Uv aMDeMiaD( D

Dhe hashev lUi seè Bev ..' Dhe S ( Dve DLeMDi ihUHaMs Dhe .UHev laie ie ieBevaD( Ml Dhe

LUiD iD c.e veiS.Di' eBeM D .UHev S– − ∆' Heve c iel UM ³èθ∆ Ml αèJ∆è M Dhe T v ..e.
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eZTevaLeMD α' Dhe S tSMsakale – c.e θ− H i ettekDaBe aM kUMDvU..aMs V ' eBeM

kUMialevaMs Dhe .UHev laie ie ieBevaD( Ml aMkaleMke veTUvDel c( Dhe TUiaDaBe kUMDvU. kULT vel

DU DhUie aM ³è UiD Ut Dhe UcievB DaUMi ihUHel c( Dhe S c iel Dve DLeMDi – asè θ −

kUMkevMel B .Sei aM laie ie ieBevaD( UBev Dh M ±+∆' HaDhUSD kUvveiTUMlaMs DU M kkeTD c.e

laie ie kUMDvU.è Uv S tUvLS. DaUMi TT.ael D S– − +è+Y∆' Dhe t kDUv Q ∆8 –tvUL +èJ∆

DU Yèθ∆− veBe .el M aMkve iaMs velSkDaUM aM laie ie ieBevaD( B va ca.aD(' ihUHaMs sUUl laie ie

kUMDvU. UBev Dhe ³èθ∆ Ut è veBevie veiTUMie H i saBeM c( Dhe i Le Dve DLeMDi TT.ael D

S– − +è+³Y∆' Hha.e iSkh DeMleMkaei Heve MUD kUMtavLel c( Dhe .UHeiD lUi se aM S– −'

ihUHaMs laie ie ieBevaDaei Me v.( ³+∆ tUv .. ∆è U iasMi Ut Th(DUDUZakaD( Heve leDekDel UM

Dhe .e Bei Dve Del HaDh S c iel tUvLS. DaUMi D .. S– − ∆è M cUDh eZTevaLeMDi ³ Ml

α' Dhe t kDUv QlUi se ∆ H H@±8 H i tUSMl iasMatak MD – û +è+Y− Hha.e Dhe t kDUv Q ∆8 H i

tUSMl iasMatak MD ,SiD aM ³è

asè θè eiS.Di UM laie ie ieBevaD( –∆− leDekDel aM TUDDel sv TeBaMei –kBè h vlUMM (−è ' veiS.Di Ut S ( c iel

Dve DLeMDiè ' veiS.Di Ut S c iel Dve DLeMDiè UDh kUTTev– − kULTUSMli Heve tUvLS. Del HaDh taBe latteveMD

TevkeMD sei Ut Ml TT.ael aM Dhvee latteveMD lUi sei kUvveiTUMlaMs DU lekve iaMs LUSMDi Ut S– −è
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ULT vaiUMi Ut Le Mi c( SPe(ùi DeiD HaDhaM Dhe t kDUv Q ∆8 Ml Dhe t kDUv QlUi se ∆

HH@±8 – " +è+Y' c " +è+³Y' k " +è+±∆HH@±− ve TveieMDel aM c.e J' hash.ashDaMs Dhe iasMatak MD

latteveMkei UM laie ie ieBevaD( aM cUDh Dva .iè M.aPe ±' teH kUMDv iDi aM ³ Ml α Heve

iasMatak MD UM cUDh S– − kULTUSMli Ml HaDhaM cUDh t kDUviè UHeBev' c iel UM Dhe laie ie

ieBevaD( veiS.Di' Dhe LUiD ettekDaBe tUvLS. DaUMi Heve tUSMl D ³èθ&αèJ∆ tUv S ( Ml D

αèJ&Yèθ∆ tUv S ' TT.ael D S– − +èY∆è he i Le eBaleMkei' aM DevLi Ut DeMleMk( Ml

iasMatak Mke' Heve veBe .el c( Dhe laie ie aMkaleMke leDekDel UM cUDh Dva .i –l D MUD T.UDDel−è

c.e Jè UMDv iDi aM T avi – SPe(ùi DeiD− HaDhaM Dhe t kDUv Dhe t kDUv Q ∆8 Ml Dhe t kDUv QlUi se ∆ H H@

±8 – " +è+Y' c " +è+³Y' k " +è+±∆ H H@±− ihUHaMs Dhe iasMatak MD latteveMkei UM laie ie ieBevaD(q ttak k( ii ( ³

Ml αè

1Cb 2C4 4C5 3Cb aC5

1C
b

C C y C C SS SS C C SS SS C C SS SS C C SS SS

y C C SS C C SS SS C C SS SS C C SS SS C C SS

C C C C SS SS C C SS SS C C SS SS C C SS SS C C

2C
4

C C SS SS C C y C C SS SS C C SS SS C C SS SS

C C SS C C C C SS C C SS SS C C SS SS C C SS

SS SS C C C C C C SS SS y SS SS y SS SS C C

4C
5

y SS SS C C SS SS C C C C C C SS SS y SS SS

SS C C SS SS C C SS C C C C SS C C SS SS C C SS

SS SS C C SS SS C C y C C SS SS C C SS SS y

3C
b

y SS SS C C SS SS C C SS SS C C C C C C SS SS

SS C C SS SS C C SS SS C C SS C C C C SS C C SS

SS SS C C SS SS C C SS SS C C C C C C SS SS y

aC
5

y SS SS C C SS SS C C SS SS C C SS SS C C y

SS y SS SS C C SS SS C C SS SS C C SS y y

SS SS C C SS SS C C SS SS C C SS SS C C C C C C

y = � i 1C1a C C = ���i 1C1a.
u C

θè³èαè� ve DLeMDi ettak k( Ml iD ca.aD( SMlev v aM&H ihaMs ettekDè UMialevaMs Dhe TveBaUSi

veiS.Di' Dve DLeMDi c iel UM S ( Ml S ' tUvLS. Del D α∆' Heve TT.ael aM

sveeMhUSie v aM t iDMeii DeiD – θ− DU iDSl( Dheav ettak k( Ml iD ca.aD( aM kULT vaiUM DU Dhe

TSve kUTTev– − kULTUSMli Ml Dhe veteveMke Dve DLeMDi – c.e θ−è he Mes DaBe kUMDvU. T. MDi

Heve MUD ttekDel c( Dhe T DhUseMè U iasMatak MD latteveMkei Heve leDekDel aM cUDh TUiaDaBe

kUMDvU.i' TUDDel BaMei H ihel c( Dhe iaLS. Del v aM Ml SMH ihel' Hhakh ihUHel ±++∆ Ut

aMkaleMke Ml Me v.( YY∆ Ut ieBevaD(è
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θè³èθè� M asè Y' veiS.Di Ut Dhe v aM t iDMeii DeiD ve ihUHMô kULLevka . tSMsakalei Ml Dhe

TUiaDaBe kUMDvU. – asè Y − Heve M .(xel ieT v De.( tvUL Dhe eZTevaLeMD . Dve DLeMDi – asè Y −

aM Uvlev DU MUD ttekD Dhe l D aMDevTveD DaUMè

asè Yè eiS.Di Ut Dhe v aM t iDMeii DeiD UM laie ie ieBevaD( –∆− Ml laie ie aMkaleMke –∆− leDekDel UM .e Bei Ut

TUDDel sv TeBaMe –kBè h vlUMM (− SMlev sveeMhUSie kUMlaDaUMiè . MDi Heve Dve Del Ml eZTUiel DU + Uv Y+ LL

Ut iaLS. Del v aM cetUve DU ce aMUkS. Del HaDh –Y Z ±+Y iTUv Msa L @±−è ' ULLevka .

tSMsakalei – S MDSL”' l L q UvlU .UH”' Mak q va ie”' St vL− Ml Dhe TUiaDaBe kUMDvU. ve TveieMDel

Ml M .(xel ieT v De.( tvUL Dhe eZTevaLeMD . Dve DLeMDi aM Uvlev DU MUD ttekD Dhe l D aMDevTveD DaUMè '

eZTevaLeMD . Dve DLeMDiè

he v aM@H ihaMs ettekD H i ESaDe aLTevkeTDac.e UM .e Bei Dve Del HaDh Uvs Mak tSMsakale' ceaMs

hash.( ettekDaBe aM cUDh kUMlaDaUMiè S ( tSMsakale ihUHel Dhe ceiD TevtUvL Mke aM velSkaMs

Dhe laie ie aMkaleMke Ml ieBevaD(' i aD ihUHM sUUl laie ie kUMDvU. eBeM tDev Dhe iaLS. Del

v aMè S tSMsakale .UiD ettakaeMk( aM Dhe iaLS. Del v aM kUMlaDaUM' ihUHaMs TTvUZaL De.( Dhe

i Le lattSiaUM aM lUHM( La.leH aMtekDaUM i Dhe TUiaDaBe kUMDvU. – asè Y −è ve DLeMD c iel UM

S ( veBe .el Dhe hasheiD kUMDvU. kDaBaD( velSkaMs DhSi ieBevaD( Ml aMkaleMke' Ml Dhe

veiS.D B va ca.aD( aM cUDh kUMlaDaUMi – asè Y −è UHeBev' Dhe Dve DLeMD veiS.Del aM ieBeve Ml
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vDak.ei c iel UM TSve veBe .el Dhe veiTekDaBe 9 v DaU Ut aèeè ±èJ=è heie T vDak.ei

Heve ssves Del aM iTUDDel ve i Ml MUD vesS. v.( laiDvacSDel UBev Dhe .e t iSvt ke – asè J −è

iaLa. v UcievB DaUM H i MUDel UM Dhe S (@ c iel T vDak.ei' Hhakh Heve laiDvacSDel UM

Dhe .e t iSvt ke DeMlaMs DU ce kUMkeMDv Del aM UMe TUaMD – asè J −è he @ S c iel

Dve DLeMD ihUHel LUve hULUseMeUSi Ml iTve l laiDvacSDaUM Ut T vDak.ei UM Dhe .e t Dh M

Dhe @ S ( Dve DLeMD – asè J −è he i Le UcievB DaUM H i ieeM tUv @ S Z . Ml @

S ( Z c iel Dve DLeMDi' aM asè J Ml asè J ' hash.ashDaMs aM Dhe taviD k ie' Dhe ,UaMD TveieMke

Ut T vDak.ei Ml vUSMl T Dkh( k.SiDevi Ut Dhe i Le Ml aM Dhe iekUMl UMe Dhe hashev leMiaD( Ut

LakvULeDvak ssves Deiè M Dhe .e t i LT.ei Dve Del HaDh laiDa..el H Dev –TUiaDaBe kUMDvU.−

T vDakS. De laiDvacSDel UM Dhe .e t iSvt ke H i leDekDelè .eLeMD . M .(iai Ut Dhe T vDakS. Dei

lal MUD veBe . M( iasM . kUvveiTUMlaMs DU kUTTev' k .kaSL Uv ThUiThUvUSi' aMlak DaMs Dh D Dhe

T vDakS. De H i MUD DDvacSD c.e DU Dhe TT.ael iSciD Mkei – asè J −è
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Yè� aikSiiaUM

he TvaMkaT.e aL Ut Dhe TveieMD veie vkh H i DU eB .S De Dhe TT.ak DaUM Ut M

aMMUB DaBe DUU. DU eMh Mke Dhe caU.Usak . kDaBaD( Ut S– − aUMi tUv Dhe iSiD aM c.e kUMDvU. Ut Dhe

sv TeBaMe T DhUseM V è

he veie vkh hash.ashDel Dhe le.aBev( TvUTevDaei Ut caULaLeDak i(MDheDak h(lvUZ( T DaDe – −

Hhakh H i ihUHM DU eMh Mke Dhe caU.Usak . kDaBaD( Ut S– − aUMiè .e v.( TvULaiaMs veiS.Di Heve

ihUHM TT.(aMs aM Dhe taM . ettak k( ii (i s aMiD V SMlev sveeMhUSie

kUMlaDaUMi' eiTeka ..( UM Dhe iU.Sc.e kUTTev– − i .D – S (−' velSkaMs cUDh Dhe laie ie ieBevaD(

Ml aMkaleMke aM .. Dhe eZTevaLeMD . kUMlaDaUMiè he Dve DLeMD .iU ihUHel hash ettakaeMk(

Ml TeviaiDeMke SMlev v aM&H ihaMs ettekDè

eiTaDe Dhe hashev Tv kDak . iasMatak Mke Ml ettakaeMk( Ut Dhe i ii (i aM ikveeMaMs

tSMsakalei /±αµç' iasMatak MD Ml veL vP c.e taMlaMsi UM Dhe MDatSMs . kDaBaD( Ut Dhe

aMBeiDas Del iSciD Mkei Heve veBe .el c( Dhe Tve.aLaM v( ii (è eaMs iSikeTDac.e DU

cvU l@iTekDvSL Dve DLeMDi c iel UM kUTTev /±αμç' H i .iU iDSlael c iel UM

TveBaUSi . cUv DUv( Dva .i TevtUvLel DU eB .S De L(ke.a . svUHDh aMhacaDaUM c( aMMUB DaBe

MDaLakvUca . T vDak.ei /±θ+çè M seMev .' aD H i hash.ashDel latteveMD sv le Ut aMhacaDaUM c(

e kh S– − kULTUSMl' kkUvlaMs DU Dheav TT.ael lUi seè i eZTekDel' S ( H i hash.(

ettakaeMD aM aMhacaDaMs L(ke.a . svUHDh Ut V D .. Dhe TT.ael kUMkeMDv DaUMi Ml Dh MPi

DU Dhe hash iU.Sca.aD( Ut Dhai kUTTev– − i .D' Hhakh laiiU.Bei aM iU.SDaUM Dhe hasheiD kUMkeMDv DaUM

Ut S– −è he .UHev MDatSMs . kDaBaD( veTUvDel c( Dhe UDhev kUTTev– − i .Di' iSkh i S '

S Z . Ml S ( Z' ai veiS.D Ut Dheav .UHev iU.Sca.aD(' i iSkh kULTUSMli DeMl DU veL aM aM

iSiTeMiaUM' ve.e iaMs i.UH.( Ml aM kevD aM kUMlaDaUMi Dhe S– − aUMi /³+çè he MUM@iasMatak MD

MDaLakvUca . kDaBaD( veTUvDel aM Dhe .aDev DSve tUv T vDak.ei c iel UM /μµ' ±ααç kUS.l eZT. aM

Dhe kUMDv lakDUv( vU.e ihUHMc( Dhe tUvLS. DaUM UM e kh kUTTev– − kULTUSMliè M S ('

Dhe LUiD ettekDaBe kUTTev– − i .D' Dhe hasheiD kUMkeMDv DaUM Ut –J∆− H i tUSMl DU velSke

iasMatak MD.( Dhe aMhacaDUv( kDaBaD( Ut S ( HheM TT.ael D Dhe .UHeiD kUMkeMDv DaUM Ut S– −

–+è+Y∆−è hai H i iSTTUiel DU ce ve. Del DU Dhe eZkeii Ut ' HaDh MU MDaLakvUca . kDaBaD('

kULT vel DU Dhe S– − aUMi aM iU.SDaUMè M Dhe i Le kUMlaDaUM' Dhe UTTUiaDe eBaleMke H i

veTUvDel UM S ( Zè M seMev .' Dhai ettekD H i ihUHM UM .. Dhe S– − kULTUSMli TT.ael D

S– − +è³∆' aM Hhakh Dhe J∆ eMh Mkel iasMatak MD.( Dhe aMhacaDaUM Ut V aM Dhe DaLeè

heie UcievB DaUMi h Be iSsseiDel DU aMBeiDas De Dhe le.aBev( vU.e TUDeMDa ..( T. (el

c( Dhe aM ve. DaUM DU Dhe tSMkDaUM . kUTTev– − i .D Ml DU Dhe kUMkeMDv DaUM v DaU ceDHeeM

Ml S– − aUMi TT.ael aMDU Dhe tUvLS. DaUMè
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Mlev sveeMhUSie kUMlaDaUMi' TvULaiaMs taMlaMsi UM Dhe caU.Usak . kDaBaD( Ut tUvLS. DaUMi

c iel UM S– − Ml M MUiDvSkDSvel T vDak.ei Ut Heve s aMel c( Dhe TveieMD eZTevaLeMDiè

he tUvLS. DaUMi TveBaUSi.( TT.ael ' Heve iTv (el aM Dhe Dva . ± UMDU Dhe tU.a se Ut

TUDDel BaMei D Dhe i Le S– − aUMi kUMkeMDv DaUM –+è+³Y∆− Ut Dhe kSTvak tSMsakale aM

kULT vaiUM' kkUvlaMs DU M e v.( sveeMhUSie ettak k( ii (i' Hhakh letaMel iSkh LUSMD i

Dhe LaMaL . ES MDaD( Ut kUTTev aUMi c.e DU TveBeMD kkeTD c.( lUHM( La.leH /³θçè M Dhai

kUMlaDaUM' S ( tUvLS. Del HaDh α∆ Ut velSkel iasMatak MD.( cUDh laie ie aMkaleMke Ml

ieBevaD( Hha.e HaDh hashev kUMDeMD –J∆−' Dhe @ S ( tUvLS. DaUM .UiD TvUDekDaBe

kDaBaD( s aMiD V ' kUMtavLaMs Dhe DeMleMk( leDekDel UM Dhe svUHDh aMhacaDaUM Ut V

c( Dhe i Le tUvLS. DaUMiè he MUM@iasMatak MD caU.Usak . kDaBaD( ihUHM c( Dhe i Le

kUMkeMDv DaUM Ut kUMtavLi Dh D Dhe hash ettakaeMk( Ut Dhe @ S ( tUvLS. DaUM ai iSve.(

MUD kUMieESeMke Ut Dhe tSMsaDUZak kDaBaD( Ut Dhe c iel T vDak.eiè M Dhe UDhev h Ml'

Bev( sUUl laie ie kUMDvU. H i .iU khaeBel c( Dhe Dve DLeMD c iel UM Dhe TSve S (' cSD

Dhai veiS.Del aM hash Th(DUDUZakaD( UM Dhe Dve Del .e Beiè i leikvacel c( eii.ev V –³+±±−'

S ( ai Dhe L aM kUMiDaDSeMD Ut Uvle SZ LaZDSve' Hhakh ai kSTvak tSMsakale leBe.UTel c(

MeSDv .aiaMs Ml taZaMs Dhe hash.( iU.Sc.e Ml Th(DUDUZak S– − aUMi Ut Dhai kUTTev i .D /³+çè D ai

PMUHM aM Dhe .aDev DSve tUv ceaMs DheLUiD MkaeMD Ml ettakaeMD tSMsakale TT.ael tUv Dhe kUMDvU.

Ut V /±θ±çè LUMs Dhe MUM@iU.Sc.e S– − kULTUSMli' aM Dhe ± Dheve H i MU eBaleMke

Ut iasMatak MD ettekD UM kUMDvU..aMs Dhe laie ie aM kULT vaiUM DU Dhe kSTvak tSMsakale –c iel UM

S ( Z−è UHeBev' UM Dhe eZTevaLeMD . Dve DLeMDi' Dhe tUvLS. DaUM HaDh veBe .el Dhe

i Le DeMleMk( ihUHM iSkh i Dhe velSkel B va ca.aD( Ut Dhe veiS.Di – S Z .− Ml Dhe

seMev . aMkve ie aM Dve DLeMD ettakaeMk( – S −' eZkeTD tUv S ( Z Dh D ihUHel Dhe .UHeiD

laie ie ieBevaD( D α∆è aPeHaie' Dhe .UH ettakaeMk( veTUvDel c( Dhe Dve DLeMDi c iel UM

Dhe TSve MUM@iU.Sc.e S– − kULTUSMli ai kevD aM.( ve. Del DU Dhe TT.ak DaUM Ut Dhe TSve

DekhMak . kULTUSMli HaDhUSD M( kU@tUvLS. De Dh D ai Siel aM Dhe kULLevka . TvUlSkDiè

.ekDvUM LakvUikUT( H i SietS. tUv iDSl(aMs Dhe laiDvacSDaUM Ut T vDak.ei Ml ssves DaUM

' i Dhe TT.ak DaUM Ut vaiei UM aDi TvUTevD( Ut seMev DaMs M MUiDvSkDSvel caU.Usak ..(

kDaBe kU DaMsi /μθçè Skh ssves Del T vDak.ei Heve leDekDel UM Dhe .e t i LT.ei Dve Del HaDh

è iaLa. v kUMtasSv DaUM H i UcievBel UM .e Bei Dve Del HaDh @ S (è ha.e Dve DLeMDi

c iel UM Dhe aMiU.Sc.e S– − kULTUSMli Ml TTe v laiDvacSDel aM iL ..ev T vDak.e

ssves DaUMi' ihUHaMs latteveMD ssves Dei kULT vel DU Dhe k.SiDeviè he laBevie T vDak.e

kUMtUvL DaUM Ml laiDvacSDaUM vet.ekD Dhe latteveMD veiS.Di ihUHM c( Dhe sveeMhUSie Dva . ±è

hai iTekD hash.ashDi Dhe aLTUvD Mke Ut iTve laMs Ml le.aBevaMs Ut S– − aUMi UM Dhe .e t

iSvt ke HaDh veiTekD DU Dhe kUMDvU. Ut Dhe e v.( tSMs . aMtekDaUM Ml Dheav seMDi' Dhe V
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xUUiTUvei /±³±' ±³³çè SvDhevLUve' Dhe B va c.e veiTUMie Ut Dve DLeMDi aM ±' L ( ce

eZT. aMel c( Dhe ettekD Ut Dhe avvesS. v ssves DaUM Ut T vDak.ei Ml DhevetUve Dheav avvesS. v

iaxe' Hhakh h Be lavekD aLT kD UM Dhe lvUT.eD iaxe seMev Del lSvaMs Dhe iTv (aMs TT.ak DaUM

Ut Dhe TvUDekDaBe iSciD Mke' DhSi aMt.SeMkaMs iasMatak MD.( Dhe Dve DLeMD ettakaeMk( – evsSiUM

³+±J−è

he tUvLS. DaUM @ S ( H i tSvDhev aMBeiDas Del i TUDeMDa . aMMUB DaBe kSTvak tSMsakale

i kULT vel DU Dhe tUvLS. DaUM @ S ' c iel UM Dhe aMiU.Sc.e S– − kULTUSMlè M cUDh

tUvLS. DaUMi Dhe ettak k( Ut B vaUSi kUMkeMDv DaUMi Ut H i iDSlael aM ve. DaUM DU S– −

kUMkeMDv DaUMiè M seMev .' Dhe veiS.Di – ³− kUMtavLel Dh D Dhe LUiD ettekDaBe S (

tUvLS. DaUM –kUMD aMaMs S– − Yè³∆− ai c iel UM B v(aMs ceDHeeM ³èθ∆ Ml αèJ∆' i ieeM aM

Dhe sveeMhUSie Dva . ±è hai eMkUSv saMs veiS.D H i ihUHM c( Dhe UBev lUi se – S– − +è+Y∆−

Ml SMeZTekDel.(' D SMlev lUi se Dve DLeMD –– S– − +è+±∆−è hai . DDev eBaleMke UTeMi

aMDeveiDaMs TeviTekDaBei aM kULT vaiUM DU e v.( iDSlaei aLel D aMBeiDas DaMs Dhe ettak k( Ut

velSkel kUTTev lUi se s aMiD V /³θ' ³µ' ±θ³' ±θαç Ml kUMialevaMs TvUc c.e tSDSve

veiDvakDaUMi UM Dhe Sie Ut kUTTev aM svakS.DSveè DhevHaie' Dhe taMlaMsi kU..ekDel UM Dhe

tUvLS. DaUMi c iel UM S – α− aMlak De laiiaLa. v kDaBaD( Ut Dhe t kDUv Q ∆8 UM Dhe

aMiU.Sc.e kUTTev i .Dè M t kD' leiTaDe seMev ..( .UHev ettak k( Ut S tUvLS. DaUMi Dh M Dhe

UMei c iel UM S (' Dhe .eii B va c.ei veiS.D aM laie ie ieBevaD( Heve veTUvDel D Dhe hasheiD

∆ Ut Ml D Dhe UBev Ml SMlev lUi se Ut S– − aUMiè hai UcievB DaUM iSsseiDi leeTev

aMBeiDas DaUM UM Dhe LeDhUli Ml L Deva .i TT.ak c.e tUv Dhe UTDaL . kU@tUvLS. DaUM ceDHeeM

Dhe iSiTeMiaUM Ut M MUiDvSkDSvel T vDak.ei Ml Dhe iSiTeMiaUMi Ut Dhe aMiU.Sc.e S– −

kULTUSMl' iSkh i S è

M sveeMhUSie eZTevaLeMDi k vvael USD SMlev v aM&H ihaMs ettekD' aD H i TUiiac.e DU eB .S De

Dhe iD ca.aD( Ml TeviaiDeMke UM sv TeBaMe .e Bei Ut Dhe tUvLS. DaUMi c iel UM @ S ( Ml

@ S è M kUMDv iD DU Dhe iDSl( c( sUiDaM V –³+±+−' Dhe kSTvak Dve DLeMDi Heve TT.ael

D hashev lUi se Ut S– − aUMi –+è+=Y∆− Ml hashev LUSMD Ut iaLS. Del v aM –Y+ LL−

vekeaBel c( Dhe TUDDel BaMei DU hash.ashD aM Dhai kUMlaDaUM Dhe TUDeMDa . TevtUvL Mke Ut Dhe .eii

ettakaeMD tUvLS. DaUM c iel UM S /±³+çè UHeBev' leiTaDe Dhe hash iU.Sca.aD( aM H Dev Ut

S (' Dhe tUvLS. DaUMi c iel UM Dhai i .D iDvUMs.( velSkel Dhe laie ie ieBevaD( Ml aMkaleMke

aM cUDh kUMlaDaUMi –+ Ml Y+ LL−è Zk.SlaMs Dhe TUiaDaBe kUMDvU. ihUHel c( Dhe TSve S (

Dve DLeMD cek Sie Ut Dhe ieBeve Ml lattSiel Th(DUDUZakaD( UM Dhe Dve Del .e Bei' aD H i

kUMtavLel Dhe veL vP c.e kUMDvU. khaeBel c( Dhe @ S ( HaDhUSD M( iale ettekD UM Dhe

T. MDi' DhevetUve aMlak DaMs iasMatak MD aMDev kDaUM ceDHeeM Dhe S– − aUMi Ml Dhe

M MUiDvSkDSvel T vDak.eiè he iasMatak MD .eii kUMDvU. kDaBaD( SMlev v aM&H ihaMs ettekD c( Dhe
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@ S Dve DLeMD H i tSvDhev kUvve. Del DU MUM@UTDaL . kU@tUvLS. DaUM LeDhUl

kUMialevaMs Dhe iaLa. v DeMleMk( veTUvDel .iU c( Dhe TSve S Dve DLeMD Ml aM

kULT vaiUM' DU Dhe .UHev laie ie ieBevaD( ihUHel c( Dhe S tSMsakaleè M Dhai veiTekD Dhe

ve.eB Mke Ut Dhe tUvLS. DaUM TvUkeii UM Dhe kSTvak tSMsakale ettak k( H i .ve l( kULLeMDel

aM .aDev DSve' eiTeka ..( SMlev eMBavUMLeMD . kUMlaDaUMi iSkh i He Dhev kUMlaDaUMi Ml Dhe

T. MD svUHDh' c.e DU aMt.SeMke iDvUMs.( Dhe TvUlSkD ettakaeMk( /³θçè

Yè±è� UMk.SiaUMi

he TveieMD iDSl( aMlak Dei Dhe TUiiaca.aD( DU eMh Mke Dhe caU.Usak . kDaBaD( Ml

Ut S– − aUMi c(LUlat(aMs Dheav laiDvacSDaUM' TeviaiDeMke Ml le.aBev( UM Dhe .e t iSvt ke'

DhvUSsh tUvLS. DaUM HaDh M MUiDvSkDSvel T vDak.ei Ut h(lvUZ( T DaDeè hai tUvLi

caUkULT Dac.e L Deva . c.e DU seMev De caU.Usak ..( kDaBe kU DaMsi UM Dhe Dve Del iSvt keè M

Dhai kUMDeZD' leeTev iDSl( Ut tSMkDaUM . LUle.i LashD eMkUSv se veie vkh aMDU UDhev

aMDeveiDaMs TT.ak DaUMi UM svakS.DSv . DUU.i c iel .iU UM Uvs Mak Ml aMUvs Mak kULTUSMli'

TT.ak c.e tUv iSiD aM c.e T. MD TvUDekDaUM TSvTUieiè
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h TDev α

aiDvacSDaUM Ml ettakaeMk( Ut h(lvUZ( T DaDe tSMkDaUM .axel HaDh DHU

kUTTev– − kULTUSMli aM sv TeBaMe HUUl( DaiiSei kU.UMaxel c(

B ikS. v tSMs . T DhUseM Ml kh v kDevax DaUM Ut Dhe leteMie

veiTUMiei kDaB Del c( Dhe T. MD

M TveT v DaUM tUv eiDakale aUkheLaiDv( Ml h(iaU.Us(

DDaiDUM è' ULT MD è' MDUMae..a è' aLUMa è' a vkU è' SsM a è' ceMUe.aM è'

.gLeMD è Ml UMD aMe è –³+±µ−è kDaBaD( Ut kUTTev– − c iel tUvLS. DaUMi DU kUMDvU.

Dhe kU.UMai DaUM Ut Dhe eik @ iiUka Del tSMsSi
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±è� ciDv kD

v TeBaMe vSMP aie iei – i− ve cekULaMs ievaUSi Ml aMkve iaMs LeM ke aM BaMe( vli

HUv.lHaleè he Meel tUv aMMUB DaBe laie ie L M seLeMD iDv Desaei ai iDa.. TeviaiDaMs iaMke Dhe

TeiDakalei TT.ael DU kUMDvU. iULe Ut Dhe i h Be ceeM c MMel Ml iU t v' MU ettekDaBe

Dve DLeMDi Heve leBe.UTelè M Dhai kUMDeZD' Dhe TT.ak DaUM Ut aL saMs LeDhUli' .ve l(

TT.ael DU iDSl( T. MD@LakvUce aMDev kDaUMi' kUS.l veTveieMD kvSka . DUU. DU SMleviD Ml Dhe

ettekD Ut eZTevaLeMD . Dve DLeMDi UM i ve. Del T DhUseMi Ml UM Dhe kU.UMaxel DaiiSeiè

M Dhe TveieMD aMBeiDas DaUM' Dva .i Heve k vvael USD DU iieii Dhe ettak k( Ut Dve DLeMDi c iel

UM DHU kUTTev– − kULTUSMli ve.e iel c( le.aBev( i(iDeL c iel UM Dhe caULaLeDak aMUvs Mak

h(lvUZ( T DaDe Ml TT.ael DU TvUDekD TvUT s DaMs L Deva . tvUL '

tSMs . T DhUseM iiUka Del DU iè ve DLeMDi Heve TT.ael lSvaMs Dhe ve@h(lv DaUM

TvUkeii Ut vUUDiDUkPi – Z kBè Y − Ml ikaUMi – ' kBè

h vlUMM (−è tDev k ..SiaMs' sv tDel BaMeiHeve svUHMSMlev sveeMhUSie kUMlaDaUMiè he BaMei

Heve aMUkS. Del HaDh M s v T.Ss kUMD aMaMs Dhe T DhUseM –stT= Dv MitUvLel Uv Ha.l D(Te− c(

lva..aMs hU.e aM Dhe vUUDiDUkPè atDeeM HeePi TUiD@aMUkS. DaUM' T. MDi Heve h vBeiDel Ml

HUUl( DaiiSei Heve UcievBel SiaMs UMtUk . iev k MMaMs akvUikUT( – −è tDev Dhe

UcievB DaUMi' kUTTev H i ES MDatael aM Dhe i Le T. MD L Deva . c( Dhe @ aMiDvSLeMDè

aM ..(' Dhe sv TeBaMe leteMie veiTUMiei Heve iDSlael aM Dve Del .e Bei Ut Dhe i Le T. MDi' c(

M .(xaMs Dhe eZTveiiaUM Ut seMei ve. Del DU Dhe iè

eiS.Di k.e v.( ihUHel Dhe kUvve. DaUM ceDHeeM Dhe T DhUseM kU.UMax DaUM – aL sei− Ml

Dhe laiDvacSDaUM Ml TeviaiDeMke Ut kUTTev– − – @ l D − UBev DaLe Ml aM latteveMD DaiiSeiè

SvDhevLUve' Dheie T v LeDevi Heve tUSMl DU ce hash.( B va c.e' HaDh kUMieESeMkei UM Dhe

T DhUseM kU.UMax DaUMè M Dhe i Le DaLe' Dhe Dv MikvaTDULak M .(iai veBe .el Dhe TUDeMDa . vU.e

Ut Dhe aMMUB DaBe tUvLS. DaUMi aM iDaLS. DaMs Dhe T. MD leteMie veiTUMieiè

M kUMk.SiaUM' Dhe veie vkh hash.ashDel Dhe ve.eB Mke Ut iDSl(aMs Dhe T. MD@T DhUseM

aMDev kDaUM DhvUSsh aL saMs LeDhUliè M Dhai TeviTekDaBe' eiTeka ..( tUv Dhe L M seLeMD Ut

i' eZTevaLeMD . kUMDvU. iDv Desaei ihUS.l ce .iU ve. Del DU Dhe laiDvacSDaUM Ml TeviaiDeMke

Ut Dhe TT.ael iSciD Mke Ml aDi TUDeMDa . caU.Usak . vU.e' i tSMsakale Ml T. MD caUiDaLS. MDè
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³è� MDvUlSkDaUM

SvaMs Dhe . iD DHeMD( (e vi' v TeBaMe vSMP aie iei – i− h Be cekULe ievaUSi Ml

leiDvSkDaBe laie iei Ut BaMe( vli HUv.lHaleè aMke Dhe TeiDakalei Dv laDaUM ..( TT.ael DU

kUMDvU. i h Be ceeM c MMel' MU MeH ettekDaBe Dve DLeMDi Heve leBe.UTelè he veie vkh

tUv iSiD aM c.e .DevM DaBei DU kUMDvU. i ai kUMieESeMD.( veESavel /αµçè

iel UM Dhe Meel tUv aMMUB DaBe laie ie L M seLeMD iDv Desaei' kUUvlaM Del veie vkh

TTvU kh H i TvULUDel aM SvUTe DvUSsh Dhe kDaUM ±α+α UM Dhe QiSiD aM c.e kUMDvU.

Ut v TeBaMe vSMP aie iei8' Hhakh tUv tUSv (e vi H i aLel DU leBe.UT MeDHUvP Ut

SvUTe M eZTevDaie DU aLTvUBe SMleviD MlaMs Ut i c( kESavaMs PMUH.else UM UkkSvveMke

Ut T DhUseMi' BaMe@T DhUseM aMDev kDaUM' ekU.Us( Ut HUUl@aMh caDaMs LakvUUvs MaiLi' Ml DU

leBe.UT MeH L M seLeMD TvUDUkU.i Ml caUkUMDvU. TTvU khei /±θθçè

LUMs Dhe eZTevaLeMD . iDv Desaei iDa.. aM iieiiLeMD' Dhe kUMDvU. Ut Dhe i ve. Del

T DhUseMi kU.UMaiaMs Dhe HUUl' kevD aM.( veTveieMDi M LcaDaUSi TSvTUieè Uve iTekatak ..('

Dhe TT.ak DaUM Ut aL saMs LeDhUli' .ve l( TT.ael DU iDSl( Dhe T. MD@LakvUce aMDev kDaUM

/±θYç' kUS.l veTveieMD kvSka . DUU. DU SMleviD Ml Dhe ettekD Ut Dhe eZTevaLeMD . Dve DLeMDi

UM Dhe T DhUseMi Ml UM Dhe DaiiSei kU.UMaiel c( DheLè

M Dhai tv LeHUvP' vekeMD aMBeiDas DaUM kUMlSkDel c( aevvUM V /±θJç h i kUMtavLel Dhe

UTTUvDSMaD( DU iDSl( Dhe kU.UMai DaUM Ut i ve. Del T DhUseMi aM sv TeBaMei' SiaMs tSMs .

Dv MitUvL DaUM HaDh BaD . L vPev' TTveka DaMs Dhe tSMs . iDvSkDSvei aM Dhe hUiD T. MDô

iTekatak ..(' Dhe SDhUvi h Be iDSlael Dhe  kU.UMai DaUM aM

sv TeBaMe DaiiSei' c( Dhe TT.ak DaUM Ut UMtUk . iev k MMaMs akvUikUT( – −è M Dhai

iDSl(' V kU.UMai DaUM H i iieiiel iaZ Ml DHe.Be HeePi TUiD@aMUkS. DaUM aM DHU

latteveMD D(Tei Ut DaiiSeiô aM Dhe MUle Ml Dhe aMDevMUle Ut UMe@(e v@U.l vUUDel kSDDaMsi Ut kBè

cevMeD i SBasMUMè heie TvUkeiiei Ut kU.UMai DaUM Heve kULT vel HaDh Dhe kU.UMai DaUM c(

Dhe Ha.l@D(Te iDv aM SiaMs MUM@iTekatak .ekDaM TvUce .eZ .SUv θµµ@ è he TTvU kh H i

c.e DU leLUMiDv De Dh D V kU.UMai DaUM k M B v( kkUvlaMs DU Dhe D(Te Ut DaiiSei Ml

Dhe D(Te Ut iTve l SiaMs TaDh' c vP Ml tacveiè UUl( DaiiSei k M veiTUMl DU Dhe aM,Sv( Ml DU

Dhe TveieMke Ut Dhai tSMsSi' Ml Z(.eL tacvei T. ( Pe( vU.e aM Dhe e v.( kU.UMai DaUM Ut Dhe

aMDevMUle c( V cetUve Dhe tSMsSi k M kU.UMaie Z(.eL Beiie.iè

veBaUSi.(' Dhe sv TeBaMe aMtekDaUM c( V h i ceeM aMBeiDas Del SiaMs k MMaMs

.ekDvUM akvUikUT( – − UM iaMs.e@cSl kSDDaMsi Ut kBè cevMeD i SBasMUM /±θ=çè he SDhUvi

h Be UcievBel Dhe TeMeDv DaUM T DhH ( Ml kU.UMai DaUM lesvee aM kUvDeZ' eTalevLai Ml Dhe

TaDh' kUMialevaMs .iU cUDh Th.UeL Ml Z(.eL Beiie.iè .ekDvUM LakvUikUT( M .(iai H i .iU
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TT.ael aM MUDhev iDSl(' kUMtavLaMs Dh D V Ml ve

B ikS. v T DhUseMi kU.UMaiaMs HUUl tacvei' Z(.eL Beiie.i i He.. i TaDh' Ml veBe .aMs Dhe

leBe.UTLeMD Ut S.Dv iDvSkDSv . te DSvei aM Z(.eL Beiie.i Ut sv TeBaMei ttekDel c( eik laie ie

kULT.eZ – i− /±θµçè

LUMs Dhe i ve. Del T DhUseMi' tSvDhev TT.ak DaUM Ut tSMs . Dv MitUvL DaUM DU iDSl( Dhe

tSMs . kU.UMai DaUM aM T. MD H i TevtUvLel Dv MitUvLaMs V –aiU. De ³³μèμY−

SiaMs T =θ kUMiDvSkD Hhakh kUMD aMel Dhe seMeDak L vPevi tUv i(MDheDak sveeM t.SUveikeMD

TvUDeaM –i −è UUl kU.UMax DaUM H i eiDaL Del DhvUSsh eTat.SUveikeMkeLakvUikUT( MlH i

ttekDel c( aMkSc DaUM DeLTev DSveè he Sie Ut i @Dv MitUvLel V he.Tel DU

k. vat( latteveMD iTekDi iiUka Del HaDh Dhe .Uk DaUM Ut Dhai T DhUseM aM sv TeBaMe DaiiSe'

cetUve laie ie i(LTDUL eZTveiiaUM /Jçè i He.. i' UDhev iDSlaei h Be TvUBel Dhe Sie Ut L vPev

seMei –eèsè i − DU iDSl( Dhe kU.UMai DaUM Ut i iiUka Del tSMsa /±θμ' ±Y+' ±Y±çè

he iDSl( TTvU kh c iel UM Dhe TT.ak DaUM Ut aL saMs LeDhUli k M he.T ceDDev

SMleviD MlaMs Ut Dhe sv TeBaMe iDvSkDSv . veiTUMie DU tSMsa aMBU.Bel aM iè NLex V

/±Y³ç h Be TevtUvLel UcievB DaUMi HaDh DU eZ LaMe Dhe sv TeBaMe veiTUMiei DU tSMs .

DD kP' aMk.SlaMs LUvThU.Usak . Ml Th(iaUkheLak . leteMke Lekh MaiLi aM Dhe B ikS. v

i(iDeL DU velSke tSMs . aMtekDaUMiè he iDSl( ihUHel Dhe tUvL DaUM Ut D(.Uiei aMiale Z(.eL

Beiie.i Ut laie iel sv TeBaMei' Hhakh ieeL DU ce Dhe taviD T. MD veiTUMie DU kUMiDv aM tSMsa aM

Dhe Z(.eL Beiie.i' Hha.e hash.ashD Dhe kULT.eLeMD v( kDaUM Ut Dhe TheMU.ak kULTUSMli DU

aMhacaD Dhe tSMsa svUHDh Ml kU.UMai DaUMè

iel UM Dhai c kPsvUSMl' iDSl( H i eiD c.aihel DU eB .S De Dhe TT.ak DaUM Ut iTekatak

M MUiDvSkDSvel aMUvs Mak h(lvUZ( T DaDe – − i TUDeMDa . aMMUB DaBe le.aBev( i(iDeL Ut

kUTTev– − aUMi /±+Yç' kDaMs i LT.ataev Ut Dhe kUTTev MDatSMs . kDaBaD( tUv Dhe kUMDvU. Ut i

ve. Del T DhUseMiè

ve.aLaM v( ii (i UM sv TeBaMe TvUDekDaUM s aMiD h Be veBe .el

TvULaiaMs veiS.Di UM Dhe TT.ak DaUM Ut M MUiDvSkDSvel tSMkDaUM .aiel HaDh ieBev .

kUTTev– − kULTUSMli – DDaiDUM V kkeTDel−è he veiS.Di leLUMiDv De Dhe vU.e Ut iSkh

iL vD L Deva . i aMMUB DaBe le.aBev( i(iDeL cSD MUD (eD i k vvaev Ut caU kDaBe iSciD Mkeiè

U Dhai aL' kvSka . iDSl( kUMiaiDi DU UcievBe' TT.(aMs DheLUlevM DekhMaESei Ut e.ekDvUM Ml

t.SUveikeMD LakvUikUT(' Dhe B ikS. v DaiiSei Ut Dve Del TUDDel BaMei' ttekDel c( T DhUseM

ve. Del DU i' aM Uvlev DU SMleviD Ml Dhe vU.e Ut Dhe le.aBev( i(iDeL UM UTDaLaiaMs Dhe

laiDvacSDaUM Ml Dhe ve.e iaMs Ut kUTTev– − aUMi' LT.at(aMs Dheav TUDeMDa . i kUMDvU. aM Dhe

aMtekDel sv TeBaMe DaiiSeiè
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UMialevaMs Dhe kheLak . Ml iDvSkDSv . M DSve' Dhe LUlevM aL saMs LeDhUli SiS ..(

TT.ael DU iDSl( Dhe aMDev kDaUM ceDHeeM eMlUTh(Dei Ml è TTe v DU ce SietS.

DU eB .S De Dhe MDatSMs . kDaBaD( Ut tSMkDaUM .aiel HaDh S– − kULTUSMli s aMiD Dhe

T DhUseM kU.UMai DaUM aM Dhe sv TeBaMe HUUlè heve ai MUD (eD' hUHeBev' iDSl( kUMkevMaMs

Dhe TT.ak DaUM Ut aL saMs LeDhUli DU eB .S De Dhe kU.UMai DaUM kUMDvU. Ut T DhUseMi ve. Del

DU i aM Dhe sv TeBaMe HUUl' cSD iSkh iDSl( HUS.l eM c.e ceDDev SMleviD MlaMs Ut Dhe

vU.e Ut Dv laDaUM . Ml aMMUB DaBe caU kDaBe iSciD Mkei DU TvUDekD Dhe Makhei kU.UMaiel c( V

aM Dhe sv TeBaMe B ikS. v DaiiSeiè

M Dhe Le MDaLe' tSvDhev aMBeiDas DaUM kUMkevMaMs Dhe eZTveiiaUM Ut sv TeBaMe leteMke@

ve. Del seMei c( Dhe eZTevaLeMD . Dve DLeMDi c iel UM Ml S– − kULTUSMli H i

TevtUvLel aM Dhe i Le T. MD L Deva .è i Hale.( PMUHM Ml leikvacel aM .aDev DSve' sv TeBaMe

k M leBe.UT eMh Mkel veiaiD Mke DU T DhUseM aMtekDaUMi tU..UHaMs Dve DLeMDi HaDh kevD aM

Uvs Mak Uv aMUvs Mak' M DSv . i(MDheDaxel iSciD Mkei' Hhakh k M .iU kD i veiaiD Mke aMlSkevi

Ml iDaLS. De sv TeBaMe veiaiD Mke DU Dhe T DhUseMiè v TeBaMe leteMie veiTUMiei UkkSvvel

DU veiTUMl DU Dhe tSMsa DD kP' aMk.SlaMs DhUie ve. Del DU iè Uve iTekatak ..(' Dhe leteMie

ve kDaUMi aM iSkh T. MD@T DhUseM veL aM iDa.. DU k. vat(è BeveZTveiiaUM Ut leteMie@ve. Del

seMei –iSkh i ' ' θ Ml ±− aM .e Bei cetUve Ml tDev TUT.eZ(@eik i(LTDULi

leBe.UTLeMD h i ceeM leikvacel c( eDUSie( V /±Yαçè . Dev iDSl(' veBe .el M e v.( Ml

iDvUMsev leteMie veiTUMie ves vlaMs Dhe aMlSkDaUM Ut Ml seMei aM .eii BS.Mev c.e

kS.DaB vi HheM kULT ve DU Dhe LUiD iSikeTDac.e cevMeD i SBasMUM' tDev e.akaD DaUM HaDh V

/±Yθçè

iel UM Dheie eBaleMkei' aD ai iSTTUiel Dh D M ettakaeMD DUU. tUv TvUDekDaMs Dhe sv TeBaMe

T. MDi s aMiD i ai TUDeMDa ..( veTveieMDel c( Dhe TT.ak DaUM Ut e.akaDUvi c.e DU kDaB De Dhe

leteMie Lekh MaiLiè

M Dhai ieMie' Dhe ettekD Ut kUTTev– − UM ThUDUi(MDheiai aM kvUT T. MDi Heve eZDeMiaBe.(

leikvacel c( eDaD V /±YYç' hash.ashDaMs aDi aLT kD UM Dhe kUMiDaDSDaUM Ut TvUDeaMi

ThUDUi(MDheDak TvUDeaMi –T. iDUk( MaM− Ml veiTav DUv( TvUDeaMi –k(DUkhvULe UZal ie−' Dhe

aMhacaDaUM Ut ThUDUi(MDheiai' Dhe iDUL D . k.UiSve' Dhe aMhacaDaUM Ut ScaikU' Dhe lekve iel Ut

kh.UvUTh(..' Dhe LUlatak DaUM UM kh.UvUT. iD S.Dv iDvSkDSve' Dhe aM kDaB DaUM' Dhe

aM kDaB DaUM' Dhe aMhacaDaUM Ut UDhev iaDei Ut e.ekDvUM Dv MiTUvD kh aM – asè ±−è iaLa. v caU.Usak .

kDaBaD( h i MeBev ceeM aMBeiDas Del tUv Ml MUD eBeM aM Dhe caULelak . tae.li' Hheve iSkh

L Deva . H i eiieMDa ..( TT.ael tUv lvSs le.aBev( TSvTUiei /μθçè
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αè� Deva .i Ml LeDhUli

αè±è� ve.aLaM v( MDatSMs . ii (

M Uvlev DU SMleviD Ml Tve.aLaM va.( Dhe TSD DaBe MDatSMs . kDaBaD( Ut tUvLS. Del HaDh DHU

kUTTev– − kULTUSMli' iS.Th De TeMD h(lv De – S (− Ml Dvac iak iS.Th De – S −' Dhe

i LT.ei – c.e ±− Heve TT.ael tUv DheL(ke.a . svUHDh aMhacaDaUM – − DeiD /±αθçè iDv aM

Ut V ±++αμµ' TveBaUSi.( Dv MitUvLel HaDh T. iLal T aM V ôôstT='

H i khUieM i T DhUseM D vseD ve. Del DU iè he .D ZDv kD s v – − LelaSL'

kULTUiel Ut L .D eZDv kD ³+ s @± la – aUta.kheL v.' D .(−' s v ±Y s @± – aUta.kheL v.' D .(− Ml

laiDa..el H Dev' H i SDUk. Bel tUv ±Y LaM D ±³+ W Ml SMlev iDeva.e kUMlaDaUMi H i tv kDaUMel

Ml llel Ut Dhvee latteveMD lUi sei Tev e kh i LT.e – c.e ±− aM Uvlev DU aMBeiDas De Dhe

MDatSMs . kDaBaD( Ut Dhvee S– − kUMkeMDv DaUMi –+è+Y' +è±' +è³∆ H H@±− kULcaMel HaDh Dhe

kUMkeMDv DaUM ve. Del DU Dhe i LT.eè ±YL. Ut iSkhLela Heve TUSvel aM eDva laihei –la LeDev

μ kL− Ml .etD DU iU.alat(è (ke.a . laiki Ut V ôôstT= Heve Dv Mitevvel tvUL kU.UM( DU

eDva laihei kUMD aMaMs ' Ml svUHM tUv ³µ@α+ l (i D ³³W è aZ veT.ak Dei Ut Dhe TSve kS.DSve

Heve iDUkPel MlL aMD aMel D θW è tDevH vli' e kh eDva laih H i aMUkS. Del c( Dv MitevvaMs

L(ke.a . laiki Ut +è= kL aM la LeDev' veLUBel tvUL Dhe TevaThev( Ut ³µ&α+ l (i@U.l kS.DSvei

Ut V ôôstT= Ml T. kel STiale lUHM UM Dhe T. De keMDevè he TvUkelSve H i lUMe Tev

e kh latteveMD i LT.e Ml kUMkeMDv DaUM' kUSMDaMs Dhvee veT.ak Dei Tev kUMlaDaUMè ve Del Ml

SMDve Del kUMDvU. T. Dei Heve aMkSc Del D ³YW aM l vPMeiiè he svUHDh aMhacaDaUM H i

k .kS. Del l a.( SMDa. Dhe ³µDh l ( TUiD aMUkS. DaUM i tU..UHiô " /– & −9 ç ±++' Hheve'

ai Dhe la LeDev Ut L(ke.a . svUHDh aM kUMDvU. T. Dei Ml ai Dhe la LeDev Ut L(ke.a .

svUHDh aM Dve Del T. Deiè

c.e ±è LT.ei c iel UM Dhe TSve kULTUSMli Uv UM Dhe tUvLS. DaUMi' TT.ael tUv h(lv DaMs Ml tU.a v

Dve DLeMDiè

* S2
P H

* S2
P H

* S2

3 1C11 1C11
1 42C11 aC4a

- 3 2bC11 5C11
1 BCb1 aC44

- 3 cC3b 5C11
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αè³è� . MD L Deva . Ml MSviev( Dva .i

SvaMs h(lv DaUM Ut TvUT s DaMs L Deva .' ,SiD cetUve sv tDaMs' eZTevaLeMD . Dve DLeMDi

–i LT.e kUMkeMDv DaUM " ³∆ H B@±− Heve TevtUvLel kULT vaMs Dhe H Dev Dve DLeMD DU ³

kUTTev– − kULTUSMli iS.Th De TeMD h(lv De – S (− Ml Dvac iak iS.Th De – S − TSve Uv

aM tUvLS. DaUM HaDh h(lvUZ( T DaDe' c( h(lv DaMs Dhe vUUDiDUkPi – Z

kBè Y − Ml ikaUMi – ' kBè h vlUMM (− aM ieBev . H Dev c Dkhei kUMD aMaMs –M "

J kUMlaDaUMi−è tDev k ..SiaMs' sv tDel BaMei –M " ³±+− Heve T. MDel aM T. iDak TUDi Ml svUHM aM

sveeMhUSie kUMlaDaUMi aM Dhe MSviev(è . MDi Heve aMUkS. Del HheM D .e iD iaZ .e Bei Heve tS..(

leBe.UTelè MUkS. DaUM H i TevtUvLel HaDh h(Th e Ut V ôôstT= –M " ±Y Tev kUMlaDaUM−

tvUL taBe T. Dei Uv HaDh Dhe Ha.l@D(Te iDv aM Ut V –M " α+ kUMDvU. T. MDi− svUHM

UM ' c( lva..aMs Dhe vUUDiDUkP TTvUZaL De.( Y kL SMlev Dhe sv tDaMs TUaMD Ml aMievDaMs

T.Ssè he i Le MSLcev Ut T. MDi –M " ±Y Tev kUMlaDaUM− Heve MUD aMUkS. Delè M ±µ kUMDvU.

T. MDi –M " α Tev kUMlaDaUM− aMUkS. Del HaDh Ha.l@D(Te iDv aM Ut V Dhe i Le

Dve DLeMDi TT.ael lSvaMs h(lv DaUM Heve iScieESeMD.( TT.ael DU Dhe tU.a se c( iTv (aMs iSkh

tUvLS. DaUMi –i LT.e kUMkeMDv DaUM " ³∆ H B@±− kkUvlaMs DU Dhe tU..UHaMs DaLaMsô taviD

Dve DLeMD = HeePi TUiD aMUkS. DaUM' veTe Del eBev( ³ HeePi Tev Dhvee tSvDhev DaLeiè U.a v

i LT.ei tUv Dv MikvaTDULak M .(iai Heve kU..ekDel µ h Ml ³θ h tDev Dhe . iD tU.a v TT.ak DaUM

Ml iDUvel D @µ+W è . MDi Heve taM ..( h vBeiDel tatDeeM HeePi TUiD@aMUkS. DaUM Ml iDUvel D

θW SMDa. Dhe LakvUikUT( aMBeiDas DaUMè

αèαè� UMtUk . iev k MMaMs akvUikUT(

he TTvU kh leikvacel c( aevvUM V /±θJç' H i TT.aelè . MDi aMUkS. Del HaDh V

ôôstT= Ml V Ha.l@D(Te Heve kSD HaDh iek DeSvi' Dv MiBevi ..( –α kL cUBe

Ml α kL ce.UH Dhe aMUkS. DaUM iaDe− Ml DheM .UMsaDSlaM ..(è .. Dhe l D veiS.D tvUL

UcievB DaUMi –M " θ− Ut vUUDiDUkPi –M " J− Ut e kh Dve DLeMD – V ôôstT=− Ml Ut kUMDvU.

T. MDi – V ôôstT= Ml Ha.l@D(Te iDv aM Ut V −' D tatDeeM HeePi TUiD@

aMUkS. DaUMè

.. UcievB DaUMi Ut TSve h(Th e Uv Dve Del T. MDi Heve k vvael USD SiaMs kUMtUk . LakvUikUTe

– .(LTSi .SUBaeH ±+++ HaDh LS.Da@.aMe . iev Y@ @³ Ml e e– −. iev ±+@

³α+@³' T M−è cievB DaUMi HaDh Dhe kUMtUk . LakvUikUTe Heve lUMe D Uc,ekDaBe Ut ±+Z

Ml ceDHeeM ³+ Ml θ+ ' ' TakDSvei kUMD aMaMs ³+ DU =+ ik Mi Heve ieT v De.( D PeM D θ+Y'

θµµ' Yμθ ML H Be.eMsDhi aM c.Se9sveeM9Uv Mse@vel kh MMe.i veiTekDaBe.(' HaDh Dhe i Le

ieDDaMsi e kh DaLeè
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L vai iUtDH ve H i Siel D Dhe kUMtUk . LakvUikUTe DU BaiS .aie α vekUMiDvSkDaUMiè ' '

TakDSvei tvULlatteveMD kh MMe.iHeve DheMLevsel – tUv vel' sveeM Ml c.SeLevsaMs− SiaMs

Dhe aL se iUtDH ve ±èθ=Bè

αèθè� MlSkDaBe.( UST.el . iL TDak . LaiiaUM TekDvULeDv(

he vUUDiDUkP i LT.ei M .(xel D Dhe –M " J Tev e kh Dve DLeMD− Heve taM ..( TvUkeiiel

DU ES MDat( Dhe kUTTev kUMDeMD aM Dhe HUUlè Skh i LT.ei kUMiaiDel UM Dhe T. MD L Deva .

Dve Del lSvaMs h(lv DaUM' DheM sv tDel' k ..Siel' aMUkS. Del HaDh V ôôstT= Ml svUHM

SMlev sveeMhUSie kUMlaDaUMiè he i LT.ei Heve iekDaUMel' ieT v DaMs kkSv De.( Dhe tU..UHaMs

Dhvee DaiiSeiô c vP' B ikS. v DaiiSei Ml TaDhè

he Uvs Mak L Deva . H i kULT.eDe.( .(UTha.axel tUv θµ h – (UB TUv @α++' Skha' Haii− Ml

TS.Bevaxel HaDh LaZev La.. – eDikh θ++' eDikh' evL M(−è tDevH vli' +èY s Ut e kh

i LT.e Heve llel Ut ±+L. Ut MaDvak kal kUMkeMDv Del Ml laseiDel aM LakvUH Be UBeM –

vi Y' ' − kkUvlaMs DU L aMDeM Mke TvUsv L D ±=YW tUv ³+ LaMSDei – α+Y+−è

heM i LT.ei Heve cvUSshD DU BU.SLe HaDh calaiDa..el H Dev Ml DheM ta.Devel DU +è³ KL HaDh

ta.Devi Ml la.SDel ±ô³+ HaDh calaiDa..el H Devè tDev laseiDaUM' Dhe ES .aD DaBe Ml

ES MDaD DaBe leDevLaM DaUM Ut Dhe e.eLeMDi eZDv kDel aM iU.SDaUM H i TevtUvLel @

aMiDvSLeMD – vkUi@ TekDvU' ' .eBe' evL M(−è

he i Le TvUkelSve H i TevtUvLel UM Dhe vUUDiDUkP kSDDaMsi –M " J Tev e kh Dve DLeMD−'

i LT.el aLLela De.( tDev Dhe h(lv DaMs Dve DLeMD Ml iDUvel D θW ' aM Uvlev DU ..UH Dhe

eiDaL DaUM Ut Dhe kUTTev LUSMD TT.ael c( Dhe Dve DLeMDi lSvaMs h(lv DaUM' aDi laiDvacSDaUM

aM Dhe DaiiSei Ut Dhe HUUl Ml aDi iD ca.aD( UM Dhe DaLeè

αèYè� v MikvaTDULak M .(iai

ZTveiiaUM M .(iai H i TevtUvLel UM .e t i LT.ei iDSl(aMs ieD Ut seMei ie.ekDel kkUvlaMs

DU .aDev DSve veie vkh /±Yα' ±Yθ' ±YY' ±Y=&=Yç ve. Del DU i Ml kUTTev– − – c.e ³−è he

TvUDUkU.i tUv ZDv kDaUM Ml Dhe e .@ aLe @ M .(iai Ut eMe ZTveiiaUM Heve

TT.ael kkUvlaMs DU Dhe LeDhUlU.Us( TSc.aihel c( T sMU.U V /±YJçè

. MD Svatak DaUM e seMD – hevLU aikhev kaeMDatak Mkè' .Dh L' ' − H i Siel DU

eZDv kD DUD . tvUL Y+ Ls Ut TUHlevel sveeM iDeL DaiiSei Ml H i ie Dve Delè he

ES .aD( Ut H i khekPel c( s vUie se. e.ekDvUThUveiai' Ml Dhe ES MDaD( H i leDevLaMel

c( Le iSvaMs Dhe ciUvc Mke D ³J+ MLè eBevie Dv MikvaTDaUM H i TevtUvLel UM ±Y+ Ms Ut

DUD . SiaMs Dhe eviU k i(MDheiai PaD – hevLU aikhev kaeMDatak Mkè−è e .@DaLe H i



@ µµ @

TevtUvLel HaDh ciU.SDe .Se veeM – hevLU aikhev kaeMDatak Mkè− SiaMs μJ

DhevLUk(k.ev i(iDeL – aU@ l' evkS.ei' ' −è he DhevL . TvUta.e H iô ±Y i D μYW

–leM DSv DaUM− Ml ± LaM D J+W – MMe .aMs9eZDeMiaUM− tUv θ+ k(k.eiè e.DaMs kSvBe ii (i

Heve TevtUvLel tvUL JY&μYW D +èYW i@±è e.DaMs Te Pi Heve BaiS .axel DU khekP Dhe

iTekatakaD( Ut e kh LT.atak DaUMè eiS.Di ve eZTveiiel i Dhe B .Sei Ut ve. DaBe eZTveiiaUM

–îî D− Ml kUvveiTUMl DU Dhe Le M tvUL Dhvee aMleTeMleMD eZTevaLeMDiè he seMei M .(xel

Heve kUMialevel iasMatak MD.( ST@ Uv lUHM@vesS. Del HheM kh Msei aM Dheav eZTveiiaUM Heve

ï³@tU.l Uv â+èY@tU.l' veiTekDaBe.(è iTekD

c.e ³è vseD seMei ie.ekDel kkUvlaMs DU .aDev DSve veie vkh /±³' ±α' ±θ' ±μ&αµçè

ccveBa DaUM eMe
± ±@e.UMs DaUM t kDUv

J+ J+ vacUiUL . TvUDeaM ±µ
TheM(. . MaMe LLUMa @.( ie
TevUZal ie

θ khaDaM ie
TU.(TheMU. UZal ie
c@±'α@s.Sk M ie
.aTUZ(seM ie

@± TvUDeaM
@J TvUDeaM
@±+ TvUDeaM

TU.(s . kDSvUM ie@aMhacaDaMs TvUDeaMi
iDa.ceMe i(MDh ie

θ aiUt. BUMe velSkD ie@.aPe TvUDeaM θ
± iScSMaD Ut

αèJè� D DaiDak . M .(iai

D DaiDak . M .(iai H i TevtUvLel SiaMs D DaiDak . UtDH veè M Dhe ii (' Dhe

Le iSveLeMDi Heve veT.ak Del aM Dhvee aMleTeMleMD eZTevaLeMDiè H i TevtUvLel DU

iDSl( Dhe iasMatak Mke Ut latteveMkei – û +è+Y− ceDHeeM Le M B .Sei Ut ∆è ZTevaLeMDi

TevtUvLel SMlev sveeMhUSie kUMlaDaUMi Heve leiasMel i v MlULaxel kULT.eDe c.UkPiè

D Ut Dhe e.eLeMDi ES MDatak DaUM – @ − h Be ceeM .Us vaDhLak ..( Dv MitUvLel aM Uvlev

DU TveieMD .. Dhe e.eLeMDi ves vl.eii Ut Dhe Uvlev Ut L sMaDSleè M Dhe i Le l D ' Dhe

– UMiDv aMel UvveiTUMleMke M .(iai−' H i TevtUvLel DU hash.ashD Dhe laiDvacSDaUM Ut e kh

e.eLeMD aM Dhe DaiiSeè
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UMkevMaMs Dhe ettak k( Ut Dhe Dve DLeMDi UM kUMDvU..aMs Dhe tSMs . kU.UMax DaUM' Dhe ve Ut V

 kU.UMax DaUM' H i eiDaL Del c( TvUkeiiaMs Dhe l D HaDh Dhe L se iUtDH ve

±èθ=Bè he sv Thak aM asè Y ihUHi Dhe sveeM iasM . v De iSLL vaxel Tev e kh Dve DLeMDô Dhe

Ha.l D(Te ai kUMialevel Dhe Mes DaBe kUMDvU. veteveMke' kUMtavLaMs Dhe TUiaDaBe vU.e T. (el c(

Dhe kUTTev Dve DLeMDi UM kUMDvU..aMs Dhe T DhUseM kU.UMax DaUM' aM Dhe B ikS. v DaiiSei Ml

T vDa ..( aM Dhe TaDhè

asSve Yè veieMke Ut sveeM iasM . Tev TvU,ekD Ut TakDSvei tvUL è

SvDhev iasMi kUMkevMaMs TUDeMDa . kUvve. DaUM ceDHeeM Dhe T DhUseM kU.UMax DaUM ihUHel c(

cUDh Dhe aL sei Ml Dhe kUTTev laiDvacSDaUM Ml TeviaiDeMke aM Dhe i Le DaiiSei Heve

veBe .el c( Dhe @ l D – asè J Ml =−è he kUTTev ES MDatak DaUM ai TveieMDel kkUvlaMs

DU Dhe T. MD DaiiSei –TaDh' B ikS. v DaiiSei' c vP−' Dhe leDekDaUM DaLe –TUiD@Dve DLeMD' TUiD@

h vBeiD− Ml Dhe Dve DLeMDi Ml veiS.Di ve eZTveiiel aM TTcè he c vP H i kUMialevaMs ,SiD DU

TTveka De Dhe l(M Lak Ut Dhe Dve DLeMD aM Dhe T. MD iSvt ke' ihUHel c( iasMatak MD latteveMke

aM tSMkDaUM Ut Dhe kULTUSMl cSD .iU M SMeZTekDel TeviaiDeMkeè M Dhe B ikS. v DaiiSei Ml

TaDh' Dhe ik .e kh Msei kUMialev c.(ô aM Dhe TaDh' Dheve ai Bev( .UH kUTTev kkSLS. DaUM

iasMatak MD UM.( tUv S (' eZT. aMaMs iU Dhe veiS.Di veTUvDel c( Dhe aL seiè M Dhe

B ikS. v DaiiSei' aD H i MUD TUiiac.e DU L Pe kUMk.SiaUM' cek Sie Ut M eZTekDel hash kUTTev

kUMDeMD aM Dhe kUMDvU. L (ce lSe DU kUMD LaM DaUMè

1
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Yè� UMk.SiaUMi

he veiS.Di Ut Dhai iDSl( k.e v.( ihUH Dhe ve.eB Mke Ut iDSl(aMs Dhe T. MD@T DhUseM aMDev kDaUM

DhvUSsh aL saMs LeDhUli eiTeka ..( aM Dhe kUMlaDaUM Ut M eZTevaLeMD . MSviev( kUMDvU. UM

TvUT s DaMs L Deva .è UveUBev' Dhe ettakaeMk( Ut kUMDvU. iDv Des( ihUS.l ce .iU ve. Del DU

Dhe laiDvacSDaUM Ml TeviaiDeMke Ut Dhe TT.ael iSciD Mke UBev DaLe Ml aM latteveMD DaiiSeiè M

Dhai ieMie' Dhe TveieMD eZTevaeMke veBe .el hUH Dheie T v LeDevi k M ce hash.( B va c.e' HaDh

kUMieESeMkei UM Dhe T DhUseM kU.UMax DaUMè

he T v ..e. aMBeiDas DaUM c iel UM Dhe Dv MikvaTDULak M .(iai' ..UHel DU TTveka De Dhe

TUDeMDa . vU.e Ut aMMUB DaBe tUvLS. DaUMi c iel UM Ml kUTTev– − kULTUSMli aM iDaLS. DaMs

Dhe T. MD leteMie veiTUMieiè Skh Dve DLeMDi kUS.l ce TT.ael i caUiDaLS. MD DUU. lSvaMs Dhe

k ..SiaMs TvUkeii Ml9Uv Dhe svUHDh aM Dhe MSviev( tae.lè he tSMsakale kDaBaD( Ut kUTTev kUS.l

kUMDvacSDe DU Dhe kUMDvU. Ut ve. Del T DhUseMi Ml D Dhe i Le DaLe DU SMs . T DhUseMiè

Mke s aM kUTTev ihUHi aDi TUDeMDa . vU.e' eiTeka ..( tUv Dhe laie ie L M seLeMD aM Uvs Mak

svakS.DSve' cSD Dhe ESeiDaUM iDa.. kUMkevMi Dhe kUTTev Sie aM .UMs DevLô UM UMe iale' Dhe

kUMiaiDeMD velSkDaUM Ut Dhe c iai LUSMD TT.ael HUS.l ce taviD TUiaDaBe MiHev DU Dhe

ESeiDaUM cSD UDhev iale' Dhe TUDeMDa . caU iDaLS. DaUM HUS.l veTveieMD M LcasSUSi eMevseDak

kUiD tUv Dhe T. MDiè
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UMk.SiaUMi Ml eviTekDaBei
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. MD TvUDekDaUM ai LUve Ml LUve UvaeMDel DU eMkUSv se Dhe leBe.UTLeMD Ut iSiD aM c.e Ml

aMMUB DaBe .UH aLT kD TTvU kheiè hai ai eBeM LUve kh ..eMsaMs aM Dhe kUMDvU. Ut iDa.. TUUv.(

SMleviDUUl laie iei Dh D k M ieBeve.( ttekD Dhe kvUTè hai ai Dhe k ie Ut Dhe sv TeBaMe DvSMP

laie iei – i− Dh D ve cekULaMs ievaUSi TvUc.eL aM BaDakS.DSveè

M Dhai kUMDeZD' Dhe TveieMD veie vkhH i leBe.UTel iLS.DalaikaT.aM v( iDSl( aLel DU veiTUMl

DU kvSka . sU .iô Dhe kUMialev c.e velSkDaUM aM Dhe LUSMD Ut Dhe kDaBe iSciD Mkei SiS ..(

eLT.U(el aM sv TeBaMe TvUDekDaUM' Dhe UTDaLax DaUM Ut Dhe caU.Usak . kDaBaD( Ut Dhe i Le

iSciD Mkei' eBeM aM kUMDvU..aMs B ikS. v T DhUseMi ve. Del DU kULT.eZ laie ieiè

he veie vkh h i .el DU ieBev . TvULaiaMs taMlaMsi' Hhakh iSTTUvD Dhe TUDeMDa . TT.ak DaUM Ut

iTekatak h(lvUZ( T DaDe – − aM T. MD TvUDekDaUM DU eMh Mke Dhe ettakaeMk( Ut kUTTev– −

kULTUSMli' aM Dhe TeviTekDaBe Ut M aMMUB DaBe Ml iSiD aM c.e TTvU kh tUv Dhe kUMDvU. Ut

tSMs . laie iei aM è

he tSMkDaUM .axel HaDh kUTTev– − kULTUSMli H i tS..( kh v kDevaxel Ml Dhe caU.Usak .

iD ca.aD( H i eiD c.aihel aM TevtUvLaMs TT.ak DaUMi DU .e t DaiiSei Ut V tUv T. MD

TvUDekDaUM TSvTUieiè he LUvThU.Us(' iDvSkDSve Ml kULTUiaDaUM Ut tSMkDaUM .axel HaDh

latteveMD kUTTev– − kULTUSMli Ml iTv (el UM sv TeBaMe .e Bei H i leDekDel Ml taM ..('

latteveMD Ml iTekatak le.aBev( LUle. H i leBe.UTel tUv e kh kUTTev– − i .Dô Dhe LUle.i ve

c iel UM Dhe hash T latteveMke ceDHeeM Dhe kUTTev– − kULTUSMliè iel UM Dhe veiS.Di

khaeBel' Dhe LakvULeDvak ssves DaUM Ml ih Te Ut H i leikvacel aM ve. DaUM DU aDi iD ca.aD(

HheM tUvLS. Del HaDh S– − aUMiè T vDakS. v ttaMaD( H i hash.ashDel tUv Dhe tUvLS. DaUMi

c iel UM kUTTev iS.t De TeMD h(lv De Ml kUTTev Dvac iak iS.t Deè .ekDvUM LakvUikUT( UM Dhe

iSciD Mkei Ml veBe .el latteveMD le.aBev( LUle. tUv kUTTev iS.t De TeMD h(lv De

Ml kUTTev Dvac iak iS.t De Ml Dhe MUM@hULU.Us DaUM Ut Dheav ssves Dei DU Dhe

M MUiDvSkDSveiè hai H i kUMtavLel .iU c( Dhe sveeMhUSie DeiD UM ' aM

Hhakh Dhe TSve ihUHel MU DUZak ettekD DU Dhe T. MD Ml DU Dhe T DhUseM' Hha.e Dhe

tUvLS. DaUMi c iel UM kUTTev iS.t De TeMD h(lv De Ml kUTTev Dvac iak iS.t De h Be ihUHM

hashev T DhUseM kUMDvU.' at kULT vel DU Dhe TSve kUTTev kULTUSMliè

iel UM Dhai taviD TTvU kh' Dhe caU.Usak . kDaBaD( Ut tSMkDaUM .axel HaDh kUTTev– −

kULTUSMli H i tSvDhev iDSlael Ml ' UM Dhe kUMDvU. Ut sv TeBaMe tSMs .

T DhUseMiè eiS.Di kU..ekDel eB .S DaMs Dhe laie ie ieBevaD( Ml aMkaleMke UM Dve Del TUDDel

BaMei' aMUkS. Del HaDh V ' ihUHel Dhe ettekD HaDh DveMl iasMatak MD.( latteveMD tUv

e kh kUTTev– − kULTUSMlè UMialevaMs Dheie TvULaiaMs veiS.Di' tSvDhevi Dva .i Heve TevtUvLel

iieiiaMs Dhe iD ca.aD( Ut Dhe Dve DLeMDi DU Dhe v aMt .. H ihaMs@Utt ettekD' s aMaMs TUiaDaBe
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veiS.Di UM Dhe ettakaeMk( Ml TeviaiDeMke Ut Dhe eZTevaLeMD . Dve DLeMDi aM kULT vaiUM HaDh

kULLevka . tSMsakaleiè

he laiDvacSDaUM Ml ettakaeMk( Ut tSMkDaUM .axel HaDh kUTTev– − kULTUSMli' aM Dhe

sv TeBaMe .asMatael DaiiSei kU.UMaxel c( B ikS. v T DhUseMi' H i aMBeiDas Del c( iDSl(aMs Dhe

T. MD@T DhUseM aMDev kDaUM DhvUSsh aL saMs LeDhUli aM M eZTevaLeMD . tv Le UM TvUT s DaMs

L Deva .è M Dhai ves vl' Dhe iDSl( veBe .el hUH Dheie T v LeDevi k M ce hash.( B va c.e' HaDh

kUMieESeMkei UM Dhe T DhUseM kU.UMax DaUMè he kU..ekDel l D veBe .el latteveMD

kUMkeMDv DaUM' laiDvacSDaUM Ml TeviaiDeMke Ut kUTTev UM Dhe Dve Del T. MD L Deva . M .(xel

tDev Dhe Dve DLeMD Ml tDev h vBeiDè atteveMkei ve ve. Del .iU DU Dhe kUTTev kULTUSMl

TT.ael' kUMtavLaMs Dhe le.aBev( LUle.i TveBaUSi.( h(TUDheiaxelè

T v ..e. aMBeiDas DaUM c iel UM Dhe Dv MikvaTDULak M .(iai' ..UHel M TTveka DaUM Ut Dhe

TUDeMDa . vU.e Ut aMMUB DaBe tUvLS. DaUMi c iel UM Ml kUTTev– − kULTUSMli aM iDaLS. DaMs

Dhe T. MD leteMie veiTUMieiè Skh Dve DLeMDi kUS.l ce TT.ael i caUiDaLS. MD DUU. lSvaMs

Dhe k ..SiaMs TvUkeii Ml9Uv Dhe svUHDh aM Dhe MSviev( tae.lè he tSMsakal . kDaBaD( Ut kUTTev

kUS.l kUMDvacSDe DU Dhe kUMDvU. Ut i ve. Del T DhUseMi Ml D Dhe i Le DaLe DU UDhev tSMs .

T DhUseMiè Mke s aM kUTTev ihUHi aDi TUDeMDa . vU.e' eiTeka ..( tUv Dhe laie ie L M seLeMD

aM Uvs Mak svakS.DSve' cSD Dhe ESeiDaUM iDa.. kUMkevMi Dhe .UMs@DevL Sie Ut kUTTevô UM UMe iale'

Dhe kUMiaiDeMD velSkDaUM Ut Dhe c ie LUSMD TT.ael HUS.l ce taviD TUiaDaBe MiHev DU Dhe

ESeiDaUM cSD UM Dhe UDhev iale' Dhe TUDeMDa . caU iDaLS. DaUM HUS.l veTveieMD M LcasSUSi

eMevseDak kUiD tUv Dhe T. MDiè

cUSD Dhe TeviTekDaBei UTeMel c( Dhe TT.ak DaUM Ut Dhe tUv T. MD TvUDekDaUM TSvTUiei'

LUve eZDeMiaBe Ml iasMatak MD kUMialev DaUMi Ha.. ce lUMe c iel UM Dhe veiS.Di kU..ekDel tvUL

Dhe T v ..e. ii (i aM BaMe( vli Ml MSviev(' Hhakh ve iDa.. aM TvUsveii lSe DU Dhe MekeiiaD( DU

UcievBe ieBev . caU.Usak . k(k.eiè

he TveieMD iDSl( kUMtavLi Dhe sve D TUDeMDa . Ut M MUDekhMU.Usak . L Deva .i aM svakS.DSve'

Hhakh ve .ve l( T. (aMs Pe( vU.e aM Dhe kUMDvU..el ve.e ie Ut svUkheLak .iè M T vDakS. v'

M MUDekhMU.Us( ai aMMUB DaMs Dhe tUvLS. DaUM Ut tevDa.axevi' TeiDakalei' BeDevaM v( LelakaMei'

Ml leBe.UTaMs iL vD L Deva .i c.e DU eMh Mke laie ie L M seLeMD Ml T. MD TvUDekDaUM c(

Dhe aLTvUBeLeMD Ut Dhe ettekDaBeMeii' caU B a. ca.aD( Ut kDaBe iSciD Mkei' Ml Dheav kUMDvU..el

ve.e ieè

eiTaDe Dhe TUDeMDa . TUiaDaBe aLT kD aM B vaUSi tae.li' ieBev . M MUL Deva .i TveieMD TvUTevDaei

Dh D k. iiat( DheL i TUDeMDa ..( h x vlUSiè M T vDakS. v' sve D DDeMDaUM ai TveieMD.( llveiiel

DU Dhe h(TUDheDak . vaiPi Ut Th(DUZak ettekDi' DU Dhe hSL M Ml eMBavUMLeMD . eZTUiSve DU

M MUL Deva . veialSei aM kvUTi Ml iUa.' aMk.SlaMs Dhe TUiiac.e caU kkSLS. DaUM tvUL Dhe
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eMBavUMLeMD DU Dhe tUUl kh aMè Uv Dheie ve iUMi Dhe TT.ak DaUM Ut M MUiDvSkDSvel L Deva .i

LSiD ce kvaDak ..( eB .S Del Ml vesS. Del DU sS v MDee i te Sie aM svakS.DSveè Se DU Dhe t iD

svUHDh Ut i(MDheDak M MUL Deva .i Ml Dheav TveieMke UM iULe L vPeDi' .esai. DaBe tv Le ai

ceaMs leBe.UTel aM SvUTe c( SiaMs Dhe taMlaMsi Ut Dhe kSvveMD TvU,ekDi aM DUZakaD( DeiDaMs'

L Deva . kh v kDevax DaUM Ml eMBavUMLeMD . eZTUiSveè

eBevDhe.eii' Dhe TT.ael aM Dhe TveieMD veie vkh H i .ve l( Hale.( iieiiel aM Dhe

caULelak . tae.l Ml TvULUDel Dh MPi DU Dhe hash caUkULT Daca.aD( HaDh Dhe M DSv . k .kaSL

ThUiTh Dei' eZk.SlaMs aM Dhai ieMie M( TUDeMDa . vaiPi ve. Del DU hSL M eZTUiSveè M Dhe i Le

H (' MU Th(DUDUZak ettekDi Heve veTUvDel c( Dhe iDSl( UM Dhe T. MD DaiiSei Dve Del HaDh Dhe

TSve è ha.e tSvDhev aMBeiDas DaUMi ve iSsseiDel tUv Hh D kUMkevMi Dhe iD ca.aD( Ut Dhe

M MUiDvSkDSvel ssves Dei Ml Dhe TeviaiDeMke Ut Dhe caU.Usak . iSciD Mkei ve.e iel c( DheLè

D Dhe i Le DaLe' Dhe TveieMD iDSl( hash.ashDi UMke s aM Dhe vU.e T. (el c( kUTTev– −

kULTUSMli aM Dhe L M seLeMD Ut sv TeBaMe tSMs . laie iei' eiTeka ..( Dhe kUMDvU. Ut lUHM(

La.leHè UH l (i' kUTTev veL aMi iSciD Mke Dh D ai lattakS.D DU iSciDaDSDe tUv Dhe kUMDvU. Ut

V aM Uvs Mak BaMe( vli Ml ai iDa.. Hale.( Siel aM Dhe iU@k ..el kUMBeMDaUM . T. MD

TvUDekDaUM' eiTeka ..( tUv TUiD@t.UHevaMs Dve DLeMDiè he SvUTe M MaUM h i aMk.Slel kUTTev

aM Dhe .aiD Ut TvUlSkDi [k Mlal Dei tUv iSciDaDSDaUM[ Ml aDi SDhUvax DaUM eZTavei aM ³+±μè M

eZDeMiaUM' TvUc c.( Ut Y (e vi' Ha.. ce saBeM' cSD Dhe kSvveMD TvUTUi . kUMkevMi aDi velSkDaUM

tvUL J DU θ Ps Tev h Tev (e v' Hhakh ai kve DaMs ievaUSi . vL ceDHeeM Dhe SvUTe M

TvUlSkevi' eiTeka ..( DhUie HhU UTev De aM M Uvs Mak vesaLeè

M Dhai TeviTekDaBe' Dhe TveieMD iDSl( leLUMiDv Dei Dhe TUiiaca.aD( DU velSke Dhe LUSMD Ut

kUTTev TT.ael' c( eMh MkaMs aDi ettakaeMk( DhvUSsh Dhe tSMkDaUM .ax DaUM Ut M MUiDvSkDSvel

ssves Dei HaDh kUTTev– − aUMiè D ai kvSka . sU . UM laie ie L M seLeMD Dh D ai c iel UM

ceDDev laiDvacSDaUM' hashev TeviaiDeMke Ml iL vD le.aBev( Ut Dhe caU.Usak . iSciD Mke UM Dhe

Dve Del T. MD DaiiSeiè

he i Le aMiashDi iSsseiD DU TevtUvL tSvDhev iDSlaei tUv Dhe kUMDvU. Ut kULT.eZ laie iei' iSkh

i Dhe ik laie ie kULT.eZ' aM Uvlev DU leBe.UT kSv DaBe .UMs@DevL ettekDaBe Dve DLeMD DU

kUMDvU. Dhe laie ie HaDh LaMaLSL LUSMD Ut tSMsakaleè hai Ha.. aMk.Sle kULT.eDaMs Dhe HUvP

UM Dhe leteMie veiTUMie iD vDel aM Dhe BaMe c( tU.a v TT.ak DaUMi' Hhakh Ha.. kULT.eDe Dhe

TakDSve UM Dhe TUDeMDa . kDaBaD( Ut Dhai TvUlSkD' Ml taM . eB .S DaUM UM aDi TUDeMDa . aM Dhe

tae.l aM velSkaMs ik kULT.eZ i(LTDULiè

M kUMk.SiaUM' kULcaMaMs Dhe veiS.Di Ut Dhe Th(iak .' kheLak .' LakvUikUTak .' caU.Usak . Ml

LU.ekS. v TTvU khei' Dhe veie vkh aMBeiDas Del TUDeMDa . .DevM DaBe H ( DU eMh Mke Dhe

TvUDekDaUM Ut sv TeBaMe s aMiD DHU aLTUvD MD tSMs . laie ieiè
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±è� MDvUlSkDaUM sgMgv .e

BasMe – è− eiD .%SMe lei kS.DSvei .ei T.Si aLTUvD MDei S LUMle' eM ke ESa

kUMkevMe . TvUlSkDaUM le BaM eD le v aiaM le D c.e /±çè .heSveSieLeMD' . T.ST vD lei

kgT sei SDa.aigi TUSv . BaMatak DaUM iUMD Dvdi ieMiac.ei - T.SiaeSvi seMDi T DhUsdMei /³çè S

kUSvi lS iadk.e levMaev' . seiDaUM khaLaESe lei L . laei gD aD . LeiSve . T.Si ettak ke SDa.aige

l Mi .eLUMle TUSv kUMDvI.ev .ei seMDi T DhUsdMei' eM T vDakS.aev l Mi . BaDakS.DSveLUlevMeè

UMialgv MD ESe .ei aMtekDaUMi tUMsaESei iUMD TvaMkaT .eLeMD veiTUMi c.ei lei lgs1Di - .

ES .aDg lS v aiaM eD lei TevDei le veMleLeMD' .ei TeiDakalei .ei T.Si SDa.aigi eM BaDakS.DSve iUMD

.ei tUMsakalei /μçè

eTSai .eSv laiigLaM DaUM l Mi .e kUMDaMeMD Lgvak aM S ±μdLe iadk.e'

– seMD lS La.laUS− eD – seMD le .%UylaSL− iUMD .ei L . laei tUMsaESei .ei T.Si

aLTUvD MDei le . BasMeè Bek – seMD le . TUSvvaDSve svaie−' kei DvUai L . laei

iUMD veiTUMi c.ei lS T.Si sv Ml MULcve le Dv aDeLeMDi l Mi .ei BasMUc.ei /αçè

eDDe TvUDekDaUM le . BasMe eiD lù SD MD T.Si lattaka.e l Mi . .SDDe kUMDve lei L . laei eMkUve

Dvdi TeS kUMMSei eD veiTUMi c.ei le TevDei le TvUlSkDaUM' le . LUvD lei BasMei eD l%SM lgk.aM

sgMgv . le . BasMeè vLa kei L . laei ESa ttekDe sv BeLeMD . TvUlSkDaBaDg lS BasMUc.e -

Dv Bevi .e LUMle' MUSi TUSBUMi kaDev .ei . laei lS Uai le . BasMe – −è ..ei leBaeMMeMD

SM TvUc.dLe igvaeSZ eM BaDakS.DSve' D MD eM D .ae ESùeM v Mke eD l Mi .e LUMleè ei iUMD

kUMMSei eD caeM lgkvaDei l Mi . .aDDgv DSve TUSv .ei kS.DSvei vcUvakU.eiè eSv TvUT s DaUM

kDSe..e eD .% SsLeMD DaUM le .eSv igBgvaDg l Mi .e LUMle /α=' αµç iUMD TeSD@mDve .

kUMigESeMke lei kh MseLeMDi k.aL DaESei eD aMlScaD c.eLeMD .agei SZ Tv DaESei LUlevMei

le . BaDakS.DSve aMDeMiaBe /αμçè

ei ttekDeMD . iUSkhe eD .ei kUvlUMi le . BasMe eD TT v aiieMD kULLe SM kULT.eZe le

T.SiaeSvi L . laei k Sigei T v lei seMDi T DhUsdMei iiUkagi - SM i(LTDILe iTgkataESe'

kULLe .ei UDv(UiTh vaUiei k Sigei T v US .e lgTgvaiieLeMD l% SD(T

k Sig T v .ei T DhUsdMei tUMsaESei eD .e Tael MUav' L . lae k Sige T v .ei

eiTdkei eD è vLa .ei ' . tUvLe . T.Si tvgESeMDe eD . T.Si

lULL se c.e eM SvUTe eiD .e kULT.eZe le .%eik iiUkag - lei seMDi T DhUsdMei tUMsaESei

B ikS. avei' SZ seMDi veiTUMi c.ei le kh Mkvei eD le lgTgvaiieLeMD aMia ES%- .eSvi

aMDev kDaUMiè S keDDe kULT.eZaDg' SM iTekD kvSka . TUSv .e lgBe.UTTeLeMD lei eiD

.%aMDev kDaUM eMDve kei lattgveMDi T DhUsdMei eD .%gD D Th(iaU.UsaESe le . T. MDe /θ+çè

e MUi ,USvi' . TvUDekDaUM le . BasMe eiD le T.Si eM T.Si UvaeMDge TUSv eMkUSv sev .e

lgBe.UTTeLeMD l% TTvUkhei lSv c.ei eD aMMUB MDei - t ac.e aLT kD TUSv kUMDvI.ev eM
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T vDakS.aev .ei T DhUsdMei tUMsaESeiè ei TvUc.dLei .agi - .%aLT kD eMBavUMMeLeMD . eD - .

DUZakU.Usae lei MkaeMi tUMsakalei khaLaESei le i(MDhdie eD - . leL Mle kvUaii MDe le

TvUlSaDi eZeLTD le DUSD vgialS UMD eMkUSv sg . vekhevkhe le MUSBe SZ USDa.i TUSv .

TvUDekDaUM lei kS.DSveiè ei eMDveTvaiei svUkhaLaESei lgBe.UTTeMD le MUSBe..ei tUvLS. DaUMi

- c ie le iSciD Mkei caU kDaBei ( MD SM aLT kD LUaMlve iSv . i MDg hSL aMe eD iSv

.%eMBavUMMeLeMD' eD SM MUSBe S Lgk MaiLe l% kDaUM TUSv vglSave .% SsLeMD DaUM . vL MDe

lei iUSkhei tUMsaESei vgiaiD MDei SZ tUMsakaleiè e T.Si' . vekhevkhe l% .DevM DaBei SZ

tUMsakalei Uvs MaESei i(MDhgDaESei eiD le T.Si eM T.Si UvaeMDge Bevi .%gDSle eD .% TT.ak DaUM le

TvaMkaTei kDati - c ie le LakvUUvs MaiLei eD le T. MDei /αçè

ei kUMM aii Mkei iSv .% kDaBaDg caU.UsaESe le MULcveSiei LU.gkS.ei M DSve..ei UMD

kUMialgv c.eLeMD SsLeMDg S kUSvi lei levMadvei lgkeMMaei eD .ei vekhevkhei iSv

.% TT.ak DaUM le kei iSciD Mkei - lei taMi le TvUDekDaUM lei T. MDei iUMD eM SsLeMD DaUMè ei

Lg. Msei le iSciD Mkei M DSve..ei TvUBeM MD le laBeviei T vDaei lei T. MDei' TvaMkaT .eLeMD

lei sv aMei' L ai Siia lei tvSaDi eD lattgveMDi DaiiSi' iUMD kULLSMgLeMD vekUMMSi kULLe

iDaLS. DeSvi le lgteMie US g.akaDeSvi' T vLa .eiESe.i .ei hSa.ei BgsgD .ei eiieMDae..ei iUMD

tUvDeLeMD gDSlageiè .SiaeSvi iTekDi kvaDaESei .aLaDeMD DUS,USvi .% TT.ak DaUM lei DaLS. DeSv

le gteMie DSve..e – − .ei iDv Dgsaei le TvUDekDaUM lei T. MDei - sv Mle gkhe..e' l% SDvei

gDSlei eD lei tUvLS. DaUMi aMMUB MDei iUMD lUMk Mgkeii avei TUSv Lg.aUvev .%ettak kaDg lS

kUMDvI.e lei T DhUsdMei eD vglSave .e kUjD g.eBg lei TvUlSaDi kULLevka SZè

Mi ke kUMDeZDe' .e kSaBve eiD .%g.gLeMD .e T.Si MkaeM eD .e T.Si kULLSM SDa.aig TUSv .SDDev

kUMDve .e La.laUS l Mi . BaDakS.DSveè SDve iUM etteD lavekD iSv .% seMD T DhUsdMe' .e MaBe S

kkvS l%aMlak DeSvi le lgteMie lei T. MDei De.i ESe .ei TevUZ(l iei' .ei ThgMU.i' .e veiBgv DvU.

eD .ei MDhUk( Mei gDg lgLUMDvg iSv lei T. MDi le BasMe Dv aDgi Bek lei kULTUigi - c ie le

kSaBve – −è e MUi ,USvi' .e kSaBve veiDe .e tUMsakale .e T.Si ettak ke eM BaDakS.DSve caU.UsaESe

TSaiESe kùeiD SM kULTUig MUM i(MDhgDaESe Bek SM . vse iTekDve l% kDaBaDgè % SDve T vD' iUM

SDa.ai DaUM - .UMs DevLe eiD veiTUMi c.e lùSMe kkSLS. DaUM le kSaBve l Mi .ei gkUi(iDdLei

svakU.ei ESa k Sie le sv Bei TvUc.dLei eMBavUMMeLeMD SZè M kUMigESeMke' .

vgs.eLeMD DaUM eSvUTgeMMe .aLaDe .%SDa.ai DaUM lS kSaBve - SM L ZaLSL le J Ps S h @± T v M

US SM L ZaLSL le α+ Ps S h @± T v Y Mi /³θçè

M ke ESa kUMkevMe .e kUMDvI.e lSv c.e lei ' laBeviei kDaBaDgi le vekhevkhe UMD gDg

TvULSei S MaBe S aMDevM DaUM .' TevLeDD MD SMe Lea..eSve kULTvgheMiaUM le kei L . laei'

le .eSv gDaU.Usae' le .eSv caU.Usae eD le .eSv gTalgLaU.Usae' L ai le MULcveSiei ESeiDaUMi

veiDeMD USBevDei iSv . seiDaUM lei L . laei /θαçè eka eiD .ag - T.SiaeSvi iTekDi kvaDaESei'

kULLe SMe kULTvgheMiaUM eMkUve aMiSttai MDe lS vI.e lei seMDi aLT.aESgi' aMia ESe lei
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Lgk MaiLei cUSDaii MD - .%eZTveiiaUM lei i(LTDILei tU.a avei' eM T vDakS.aev l Mi .e k i le

.ùeZTveiiaUM le . tUvLe .eMDe le .ùeik – ' v TeBaMe e t DvaTe aie ie−è

M TveLaev iTekD kvaDaESe eiD .ag - .ù cieMke le TvUlSaDi - t ac.e DUZakaDg L ai le cUMMe

ettak kaDg TUSv .e kUMDvI.e le kei L . laeiè % vigMaDe le iUlaSL gD aD kUMialgvg kULLe .e ieS.

seMD khaLaESe ettak ke iSv –[eik [−' saii MD MUD LLeMD T v iUM kkSLS. DaUM l Mi .ei

DaiiSi Dv aDgi /θθçè SUa ES%a. eM iUaD' eM v aiUM le i tUvDe DUZakaDg' .% vigMaDe le iUlaSL M%eiD

T.Si SDUvaig eM BaDakS.DSve /θYçè Me vglSkDaUM TvULeDDeSie @ ESUaESe t ac.e @ le .%aMkaleMke

le keDDe L . lae gDg vgkeLLeMD UcDeMSe l Mi lei eii ai iSv .e Devv aM Bek lei TvgT v DaUMi

le kSaBve ESa TUSvv aeMD TgMgDvev T vDae..eLeMD l Mi .e cUai /θJç' .Dgv MD TvUc c.eLeMD .

kvUaii Mke eD .e LgD cU.aiLe lei T DhUsdMei tUMsaESei aLT.aESgiè eDDe lgkUSBevDe USBevD

SM MUSBe S kh LT le vekhevkhe iSv .% TT.ak DaUM lei TvUlSaDi le TgMgDv DaUM lS cUai' T.SDID

ESe i(iDgLaESeè SiES%- TvgieMD' .e tUigD(.@ .SLaMaSL' SM tUMsakale SDa.aig TUSv kUMDvI.ev V

' eiD .e ieS. TvUlSaD i(iDgLaESe - BUav vglSaD ettak keLeMD .%aMkaleMke lS q iUM

kDaBaDg eiD TT vSe .age - i k T kaDg - kDaBev .ei vgTUMiei le lgteMie le . BasMe /θ=çè

M leSZadLe iTekD kvaDaESe eiD .ag - . TvUDekDaUM aMettak ke lei T. aei le D a..e' SM TUaMD

L ,eSv le TgMgDv DaUM TSai le kU.UMai DaUM le . BasMe TUSv DUSi .ei seMDi tUMsaESei lei è

ei TvUlSaDi laiTUMac.ei l Mi .e kULLevke gD aeMD ettak kei /θµç' L ai a.i M%gD aeMD T i

eMLeiSve l% iiSvev SMe TvUDekDaUM TeviaiD MDe T v v TTUvD - . ieMiaca.aDg TvU.UMsge lei T. aei

le D a..e /θμçè kDSe..eLeMD' .% TT.ak DaUM l% seMDi le .SDDe caU.UsaESe TT vDeM MD

TvaMkaT .eLeMD - .ùeiTdke iTT gDg gDSlageè ei vgiS.D Di UcDeMSi Tvdi T.SiaeSvi

MMgei l%eZTgvaeMkei UMD vgBg.g lei etteDi TUiaDati iSv .ùeZTveiiaUM lei i(LTDILei lS è

% seMD le .SDDe caU.UsaESe kU.UMaie . T. ae le D a..e' ke ESa TevLeD le .aLaDev .ùaMtekDaUM T v

lei seMDi iiUkagi SZ eD SMe aMDev kDaUM TeviaiDeMD Bek . T. MDe /Y+çè

M DvUaiadLe iTekD kvaDaESe' Tvdi .ei lattakS.Dgi le kUMDvI.ev kei ' eD eM T vDakS.aev .e

' eiD ESe .ei T DhUsdMei iUMD .Uk .aigi l Mi .ei DaiiSi .asMeSZè ei k Siei le .%eZTveiiaUM

lei i(LTDILei l Mi .ei teSa..ei iUMD TvUc c.eLeMD .agei - lei vg kDaUMi le lgteMie kDaBgei

l Mi .ei teSa..ei eM .aeM Bek . TvUlSkDaUM le DUZaMei tUMsaESei l Mi .e DvUMk eD Dv MiTUvDgei

T v .e DaiiS B ikS. ave' iUSi .%aMt.SeMke l% SDvei @ T i caeM lgDevLaMgi @ kUt kDeSvi

eMBavUMMeLeMD SZè e ke TUaMD le BSe' kevD aMi vgiS.D Di TUiaDati UMD gDg UcDeMSi Bek lei

TT.ak DaUMi lei eMsv ai tU.a avei' lUMD .%ettak kaDg TUSvv aD mDve tUvDeLeMD Lg.aUvge T v SMe

Lea..eSve laiDvacSDaUM eD TgMgDv DaUM lS TvUlSaD /Y±çè aMia' SM svUSTe le vekhevkhe le

.% MaBeviaDg le UaDaevi – v Mke− vgkeLLeMD gDSlag leSZ D(Tei le kULTUigi ( MD lei LUlei

l% kDaUM lattgveMDi eD kULT.gLeMD aveiè Me TveLadve gDSle gDg vg .aige eM SDa.ai MD lei

LU.gkS.ei eZaiD MDei LUlatagei TUSv UcDeMav lei TvUlSaDi k T c.ei le ie lgT. kev –LU.gkS.ei
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LcaLUca.ei−' Tvdi SMe TT.ak DaUM tU.a ave' l Mi .e DvUMk le . BasMe UR .ei seMDi T DhUsdMei

iUMD .Uk .aigiè Me leSZadLe gDSle iiUkag kei iSciD Mkei LUca.ei - lei LakvUUvs MaiLei

cgMgtaESei k T c.ei le iDaLS.ev .ei lgteMiei le . T. MDeè /Y³çè

e kUMDvI.e lei veTvgieMDe SM sv Ml lgta TUSv .ei BaDakS.DeSvi' .ei TgTaMagvaiDei' .ei

DekhMakaeMi eD .ei ikaeMDataESei TvaMkaT .eLeMD eM v aiUM le .eSv kULT.eZaDg T v v TTUvD SZ

SDvei L . laei le . BasMe kULLe .e La.laUS eD .ùUylaSL' T v eZeLT.eè e kUMDvI.e lei

eiD SM eZeLT.e k. av le . MgkeiiaDg l%SMe TTvUkhe le seiDaUM aMDgsvgeè M etteD' .ei vaiESei

l%aMtekDaUM g.eBgi l Mi .ei TgTaMadvei eD .ei BasMUc.ei aMia ESe .% cieMke le Dv aDeLeMDi kSv Dati

UMD veMtUvkg .%alge l%SMe iDv Dgsae Dv MiBevi .e le kUMDvI.e lei l Mi .e iekDeSv BaDaBaMakU.e

/α' Yαçè

.svg .e L MESe l%USDa.i US lei TvUDUkU.ei lgBe.UTTgi Bek SMe ettak kaDg iTgkataESe kUMDve

.ei seMDi T DhUsdMei lei ' . seiDaUM LgDakS.eSie lei T. MDei Ldvei eiD . TveLadve

gD Te TUSv TvgBeMav .ei aMtekDaUMi l Mi .ei L Dgvae.i le LS.DaT.ak DaUM le . BasMe S iD le le

. TgTaMadveè ei Tv DaESei .ei T.Si ettak kei eM TgTaMadve iUMD .% TT.ak DaUM le cUMMei LeiSvei

l%h(sadMe eD . TvgBeMDaUM le . kUMD LaM DaUM lei T. MDi - kh ESe tUai ESe .e L Dgvae. le

LS.DaT.ak DaUM eiD c.eiig US kUSTgè vekUMM aii Mke le .%aLTUvD Mke kvaDaESe le kei leSZ

t kDeSvi iUS.dBe . ESeiDaUM l%SMe gBU.SDaUM TUiiac.e le .%eMieLc.e lS TvUkeiiSi le TvUlSkDaUM

eM TgTaMadve /Yθ' YY' YJçè

ei USDa.i le kUMDvI.e lSv c.e' lg,- lgBe.UTTgi TUSv .ei TT.ak DaUMi eM TgTaMadve' aMk.SeMD

TvaMkaT .eLeMD .%SDa.ai DaUM l% seMDi le caUkUMDvI.e' eM T vDakS.aev le T.SiaeSvi eiTdkei le

' ESa ie iUMD Bgvgei ettak kei iSv T.SiaeSvi lei TvaMkaT SZ T DhUsdMei .agi SZ

/Y=' Yµçè

e Dv aDeLeMD - .%e S kh Sle' le LaeSZ eM LaeSZ k v kDgvaig' eiD tvgESeLLeMD SDa.aig TUSv

UcDeMav lei T. MDi kULLevka SZ l Mi le cUMMei kUMlaDaUMi i MaD aveiè M De. Dv aDeLeMD

i MaD ave eiD sgMgv .eLeMD ettekDSg - Y+W TeMl MD α+ LaM' L ai a. eiD iDveii MD TUSv . T. MDe

/YJç eD lei vgiS.D Di eMkUve B va c.ei eM DevLei l%ettak kaDg eD le ES .aDg le . T. MDe UMD gDg

v TTUvDgi /αJçè g MLUaMi' l% SDvei eZTgvaLeMD DaUMi iUMD Mgkeii avei TUSv B .alev

.% TT.ak ca.aDg eD .%ettak kaDg lei USDa.i le kUMDvI.e aMMUB MDi eD - t ac.e aLT kD De.i ES%SMe

s LLe le TvUlSaDi le lgiaMtekDaUM /Yθç eD .%SDa.ai DaUM l%e S UxUMge /Yµçè

vLa .ei TTvUkhei Bai MD - vglSave .ei i(LTDILei .agi SZ l Mi .e BasMUc.e' .ei

Dv aDeLeMDi tU.a avei - c ie le LaMgv SZ eD l%eZDv aDi l% .sSei /Yμç US l%aMlSkDeSvi le lgteMie

kULLe .e tUigD(.@ . /θθç UMD LUMDvg SMe ettak kaDg iSv .ei t kDeSvi MSDvaDaUMMe.i eD le lgteMie

iiUkage - .ùeik – −è eTeMl MD' le De..ei TT.ak DaUMi leBv aeMD mDve TTvUtUMlaei TUSv
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LaeSZ Bgvataev .%ettak kaDg - .UMs DevLe iSv . vglSkDaUM le . LUvD .aDg eD . kUMiD Mke

TvUlSkDaBe l Mi .ei BasMUc.ei DUSkhgi T v .ei è

e MUSBe SZ USDa.i kSv Dati TUDeMDae.i iUMD T.Si UvaeMDgi iSv .e kUMDvI.e le .% kDaBaDg lei

T DhUsdMei lS DvUMk kU.UMai MD .e cUai eD .eSvi t kDeSvi le BavS.eMkeè gkeLLeMD' lei

tUvLS. DaUMi - c ie le kSaBve eD le kU@tUvLS. MDi UMD gDg TvUTUigei TUSv mDve TT.aESgei

lavekDeLeMD iSv .e cUai taM le iaLS.ev .e LmLe Lgk MaiLe TvUc c.eLeMD kDaBg T v

TS.Bgvai DaUM haBevM .e le .% vigMaDe k MkgvasdMe le iUlaSL' ESa M%eiD T.Si TT.ak c.e /θJçè Sv

.ei T. MDei DUSkhgei T v lei i(LTDILei igBdvei' a. eiD gs .eLeMD iSssgvg l% TT.aESev lei

LeiSvei le khavSvsae lS DvUMk' kUMiaiD MD eM .e veMUSBe..eLeMD lS DvUMk' .e vesvett se eD .e

kSveD se' ESa UMD kUMlSaD - .%g.aLaM DaUM iasMatak DaBe lS cUai ttekDgè %eiD SMe DekhMaESe

aMB iaBe L ai tvgESeLLeMD SDa.aige TUSv TvU.UMsev . TvUlSkDaBaDg lS BasMUc.e /J+' J±çè

Me TTvUkhe TvgBeMDaBe l Mi .e BasMUc.e eiD gs .eLeMD tUvDeLeMD vekULL Mlgeè aMia a. eiD

kUMiea..g lùeM.eBev eD cvj.ev .ei cv Mkhei' .ei BasMei LUvDei 9 LUSv MDei' .ei vgialSi le D a..e'

lei Tv DaESei eiieMDae..ei TUSv .aLaDev . TvUT s DaUM le .%aMUkS.SL lei T DhUsdMei è . eiD

gs .eLeMD aLTUvD MD le .aLaDev eD le TvUDgsev .ei T. aei le D a..e eD l%g.aLaMev . T vDae LUvDe

lS DvUMk US lei cv i BUave' ia Mgkeii ave' le veLT. kev kULT.dDeLeMD . T. MDe i(LTDUL DaESe

/J³çè e T.Si' lei Tv DaESei le seiDaUM lei L . laei c igei iSv .% Lg.aUv DaUM lei iU.i eD .

vgiaiD Mke lei T. MDei - .%aMtekDaUM leBv aeMD mDve gDSlagei taM le L aMDeMav . BasMe l Mi iUM

Lea..eSv gD D' TvmDe - vg sav - .%aMtekDaUM eD - .aLaDev .e lgBe.UTTeLeMD lei i(LTDILei /Jαçè

eTeMl MD' . TvUDekDaUM lei T. aei le D a..e –c ige TvaMkaT .eLeMD iSv .ù TT.ak DaUM lei

tUvLS. DaUMi - c ie le iUSkhei le iTTè− kUMDve .%aMtekDaUM TT v fD kDSe..eLeMD

kULLe . LeiSve TvgBeMDaBe . T.Si TvULeDDeSie TUSv kUMDvI.ev .ùeZTveiiaUM lei /³μ'

Y=çè % SDvei eii ai iUMD eM kUSvi Bek lei TvUlSaDi le TvUDekDaUM lei T. aei c igi iSv . Laie

eM T. ke le c vvadvei Th(iaESei' ke ESa TeSD veTvgieMDev lei USDa.i aMMUB MDi TUSv .% BeMav /Jθçè

iDv Dgsae le .SDDe aMDgsvge kUMDve .ei leBv aD TveMlve eM kULTDe DUSi .ei t kDeSvi

TUDeMDae..eLeMD veiTUMi c.ei lei l(itUMkDaUMMeLeMDi lS Dv MiTUvD le .%e S eD le . idBe' aMia

ESe . vgia.aeMke lei T. MDei' ( kULTvai . D a..e' . MSDvaDaUM' . TvUDekDaUM eD . seiDaUM lei iU.iè

v eZeLT.e' .ei leSZ TveLadvei LgDhUlei TeSBeMD kvgev lei Makhei l%aMtekDaUM TUSv .ei

T DhUsdMei' L ai Siia TevDSvcev .e t.SZ eD .%gESa.acve le .%e S l Mi . BasMe /JYçè . gDg UcievBg

ESùSMe k veMke eM e S SM etteD TvaL ave L ai MUM eZk.Siat iSv .ei t kDeSvi le BavS.eMke lei

T DhUsdMei –Th(DUDUZaMei−' kUMlSai MD gs .eLeMD - SMe vglSkDaUM le .% kDaBaDg

ThUDUi(MDhgDaESe /θ+ç eD l Mi .ei kUMlaDaUMi .ei T.Si eZDvmLei' S lgTgvaiieLeMD ,SiESù- .

LUvD le . BasMeè
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Mi . TeviTekDaBe le kUMDvI.ev .ei ' SMe BaiaUM hU.aiDaESe lS TvUc.dLe TUSvv aD mDve .

k.g TUSv lgtaMav lei iDv Dgsaei s sM MDei TUSv ke kUMDvI.e' lUMD .e LUld.e TUSvv aD gs .eLeMD

mDve TT.aESg S kUMDvI.e l% SDvei L . laei kULT.eZei lei T. MDei /Yαçè Mi ke kUMDeZDe' .e

lgBe.UTTeLeMD lei MUSBe SZ USDa.i le lgDekDaUM eD le iSaBa le .%gD D i MaD ave le . BasMe

kUMiDaDSe SM BgvaD c.e lgta' MUD LLeMD l Mi .ei BasMUc.ei tUvDeLeMD DUSkhgi T v .ei è

vLa .ei ' .%SMe lei T.Si vgT MlSi l Mi .ei BasMUc.ei eSvUTgeMi eiD .ùeik – − /JJç'

lUMD .ei i(LTDILei aMk.SeMD SMe MgkvUie aMDevMevB ave tU.a ave D(TaESe' lUMM MD SZ teSa..ei

SMe TT veMke D(TaESe le v (Svei Dasvgei ESa TeSD Me T i TT v fDve - kh ESe Th ie le

kvUaii Mkeè eDDe laikUMDaMSaDg lei i(LTDILei tU.a avei iSv kh ESe BasMe veMl TveiESe

aLTUiiac.e . lgDevLaM DaUM le .%aMkaleMke vge..e le .ù%eik S BasMUc.e - SM LULeMD lUMMg'

k v le MULcveSiei BasMei aMtekDgei TeSBeMD Me T i TvgieMDev le i(LTDILei kh ESe MMge

/J=çè .SiaeSvi SDeSvi UMD k. aveLeMD lgLUMDvg SMe .Dgv DaUM MUM Mgs.ase c.e lei tUMkDaUMi

ThUDUi(MDhgDaESei aMia ES%SMe iDaLS. DaUM lei vgTUMiei le lgteMie khex .ei BasMei DDeaMDei

T.SiaeSvi ,USvi B MD .% TT vaDaUM lei TveLaevi i(LTDILei Baiac.ei iSv .ei teSa..ei /Jµ' Jμçè

a eMM vU V –³+±J− UMD TvUTUig SMe TTvUkhe aMMUB Dvake TUSv . iSvBea.. Mke le .ùeik

– −' tUMlge iSv . kUvvg. DaUM eMDve .ei aL sei le .%aMlake le BgsgD DaUM T v lattgveMke

MUvL .aige – @ UvL .axel atteveMke eseD DaUM MleZ− kESaiei T v SMe T. De@tUvLe

– ML MMel eva . ehak.e− eD .e kULTD se lei i(LTDILei T v UcievB DaUM S BasMUc.eè

LgDhUlU.Usae aMMUB MDe Bai aD TvaMkaT .eLeMD - ettekDSev SMe M .(ie ES MDaD DaBe eD

ES .aD DaBe le . TvUT s DaUM lei i(LTDILei' TSai - vg .aiev SMLUld.e TvglakDat le .% TT vaDaUM

lei i(LTDILei le .ùeik è eDDe gDSle aMDgveii MDe LUMDvg le MUSBe..ei TUiiaca.aDgi

l%SDa.ai DaUM lei DekhMU.Usaei le Dg.glgDekDaUM TUSv . BaDakS.DSve le TvgkaiaUMè ei

k v kDgvaiDaESei lei ' De..ei ESe .e t ac.e kUjD' . k T kaDg le lUMMev eM DeLTi UTTUvDSM

lei aL sei - h SDe vgiU.SDaUM' tUSvMaiieMD SMe TTvUkhe ESa TeSD mDve t ka.eLeMD TT.aESge

TUSv . T. Matak DaUM lei iDv Dgsaei l%eMESmDe eD le .SDDe kUMDve .eiL . laei l Mi .ei BasMUc.eiè

eiLgDhUlei iUMD iSikeTDac.ei l%mDve SDa.ei' - . tUai TUSv . vekhevkhe eD TUSv lei TT.ak DaUMi

Tv DaESei eM BaDakS.DSveè

lgDekDaUM TvgkUke TUSvv aD gs .eLeMD alev l Mi .e khUaZ lei aDaMgv avei le Dv aDeLeMDi iSv

.e Devv aM gkUMULaESeLeMD veMD c.ei' US .% TT.ak DaUM le LgDhUlei le .SDDe iTgkataESei iSv

lei BasMei kac.gei B MD ES%e..ei Me LUMDveMD .ei i(LTDILeiè ei TT.ak DaUMi l%SM De. USDa.

TvglakDat TUSvv aeMD USBvav le MUSBe..ei TeviTekDaBei l Mi . kUMM aii Mke eD .e kUMDvI.e le kei

' l Mi .e k lve lS lgBe.UTTeLeMD kvUaii MD lei TTvUkhei le .% svakS.DSve le TvgkaiaUM eM

BaDakS.DSve /=+çè
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TvgieMDe vekhevkhe lgkUS.e lei TeviTekDaBei USBevDei T v lei TT.ak DaUMi TvgkgleMDei le

kvaiD SZ aMUvs MaESei c igi iSv SMe tUvLe iTgkataESe lS ThUiTh De le k .kaSL caUsgMaESe'

.%h(lvUZ( T DaDe – −' ESa gDg . vseLeMD gDSlage eD TT.aESge l Mi le MULcveSZ lUL aMei

/=±' =³' =αçè

Sv . c ie le kei TT.ak DaUMi ettekDSgei l Mi .e lUL aMe caULglak .' ke L Dgva S

TevtUvL MD TeSD TUDeMDae..eLeMD sav kULLe SM i(iDdLe le Dv MiTUvDeSv le iSciD Mkei

kDaBei' ( kULTvai lei aUMi LgD ..aESei' De.i ESe .e kSaBve– −' eD lei kULTUigi Uvs MaESeiè Me

lei TvaMkaT .ei aMBeiDas DaUMi gDg vg .aige eM LglekaMe' TUSv veLT. kev . khaLaUDhgv Tae

l Mi .e Dv aDeLeMD lS k Mkev lei Ui' sv1ke - .ùettak kaDg le Bek SMe LU.gkS.e

MDak MkgveSie /=θ' =Yçè Me iekUMle TT.ak DaUM ettak ke gDg .e lgBe.UTTeLeMD lùSM

leMDatvake - c ie lS LmLe L Dgva S' leBeMS ettak ke Bek lei aUMi xaMk' TUSv veLT. kev .e

t.SUv' .e ' .e laUZ(le le DaD Me eD .ei T v cdMei /=Jçè

Mi ke kUMDeZDe' ke Dv B a. Baie - gB .Sev' - Dv Bevi SMe TTvUkhe LS.DalaikaT.aM ave' .e

lgBe.UTTeLeMD eD .% TT.ak DaUM le TUSv Lg.aUvev .% kDaBaDg caU.UsaESe le iSciD Mkei kDaBei

TUSv kUMDvI.ev lei L . laei tUMsaESei khex V è

e cSD vgTUMl - lei Uc,ekDati kvSka SZ ô –a− vglSave iasMatak DaBeLeMD . ES MDaDg le tUMsakalei

khaLaESei h caDSe..eLeMD SDa.aigi TUSv . TvUDekDaUM le . BasMe' –aa− UTDaLaiev . laiDvacSDaUM' .

TgMgDv DaUM eD . TeviaiD Mke le . iSciD Mke kDaBe l Mi .ei DaiiSi BgsgD SZ' –aaa− SDa.aiev keDDe

DekhMU.Usae TUSv .e kUMDvI.e lei seMDi T DhUsdMei lUMD keSZ aLT.aESgi l Mi .ei L . laei

B ikS. avei eD kULT.eZeiè

ei kDaBaDgi eZTgvaLeMD .ei eD .ei vgiS.D Di iiUkagi iUMD TvgieMDgi eD laikSDgi eM tUMkDaUM lei

kDaUMi iSaB MDeiô –a− k v kDgvai DaUM eD iD ca.aDg le .% tUMkDaUMM .aige Bek lei kULTUigi le

kSaBve – − TT.aESgi iSv V - lei taMi le TvUDekDaUM kUMDve lei L . laei tUMsaESei q –aa−

gB .S DaUM eD le .% kDaBaDg caU.UsaESe le .% tUMkDaUMM .aige Bek lei kULTUigi

le kSaBve– − iSv .e kUMDvI.e lei T DhUsdMei tUMsaESei le . BasMe q –aaa− gB .S DaUM le .

laiDvacSDaUM eD le .%ettak kaDg le .% tUMkDaUMM .aige Bek leSZ kULTUigi le kSaBve– − l Mi lei

DaiiSi .asMeSZ le . BasMe kU.UMaigi T v SM T DhUsdMe B ikS. ave eD k v kDgvai DaUM lei vgTUMiei

le lgteMie kDaBgei T v . T. MDeè
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³è� giSLgi lei kh TaDvei

³è±è� h TaDve ± & v kDgvai DaUM eD iD ca.aDg le .%h(lvUZ( T DaDe tUMkDaUMM .aige T v lei

kULTUigi le kSaBve– −' TT.aESge SZ DaiiSi tU.a avei le è TUSv . TvUDekDaUM le .

T. MDeè

vDak.e ikaeMDataESe TSc.ag l Mi eiD M seLeMD kaeMke

DDaiDUM è' .B Daka è è' B kkha è' DDa è' a vkU è Ml SsM a è –³+±µ−è SMkDaUM .ai DaUM Ut M MU@

iDvSkDSvel h(lvUZ( T DaDe HaDh kUTTev– − kULTUSMli i TeiDakaleô Ml UcievB DaUMi Ut Dve Del

è .e Beiè

S ta. lei MMgei' . vekhevkhe eM M MUDekhMU.Usae kUMlSaD S lgBe.UTTeLeMD le L Dgva SZ

aMDe..aseMDi vgBU.SDaUMM aveiè Mi .% svakS.DSve' .% TTvUkhe M MUDekhMU.UsaESe eiD iUSBeMD

TT.aESge TUSv Lg.aUvev . TvUlSkDaBaDg lei T. MDei' . ES .aDg lei kS.DSvei eD . seiDaUM lei

L . laei' - Dv Bevi lei L Dgva SZ M MULgDvaESeiè Laie S TUaMD le i(iDdLei - .acgv DaUM

.eMDe TUSv .ei TeiDakalei USBve le MUSBe..ei TeviTekDaBei TUSv vglSave . ES MDaDg le

iSciD Mkei kDaBei TT.aESge' TevLeDD MD SMe TvUDekDaUM ettak ke lei T. MDei eD SMe .SDDe

kUMDve lei L . laeiè

M kUMialgv MD . Th(DUDUZakaDg TUiiac.e le kei L Dgva SZ' e k i lùgDSle kUMkevMg SMe

h(lvUZ( T DaDe i(MDhgDaESe – − caULaLgDaESe' lg,- gDSlage le L Madve eZDeMiaBe eM v aiUM

le i caU kDaBaDg eD le i caUkULT Daca.aDg SMaESeè

e cSD le . TvgieMDe vekhevkhe gD aD l%gDSlaev SM i(iDdLe le .acgv DaUM le Lglak LeMD

caUkULT Dac.e TT.ak c.e - . TvUDekDaUM lei T. MDei TUSv Lg.aUvev . laiDvacSDaUM eD

TUDeMDae..eLeMD .% kDaBaDg MDaLakvUcaeMMe lei iSciD Mkei caU kDaBei kUSv MDeiè keDDe taM'

lg,- gDg lgBe.UTTg TUSv lei TT.ak DaUMi l Mi .% svakS.DSve eD .e kSaBve– −' . vseLeMD TT.aESg

TUSv TvUDgsev . BasMe – è− kUMDve .e T DhUsdMe tUMsaESe ' UMD

gDg khUaiai kULLe k i lùgDSleè

V eiD kevD aMeLeMD veiTUMi c.e le .%SMe lei L . laei .ei T.Si MUkaBei' k Si MD .e T.Si

sv Ml MULcve le Dv aDeLeMDi l Mi .ei BasMUc.ei /αçè eTSai . lgkUSBevDe le .% kDaBaDg

MDatUMsaESe lS kSaBve' .ei tUMsakalei kSTvaESei UMD gDg . vseLeMD SDa.aigi TUSv .SDDev kUMDve

ke T DhUsdMe eD S,USvl%hSa eMkUve' .e kSaBve eiD .e T.Si ettak keè eTeMl MD' T vLa .ei etteDi

iekUMl avei .agi - .%SDa.ai DaUM lS kSaBve' .% kkSLS. DaUM aLTUvD MDe l Mi .ei iU.i le keLgD . eiD

veiTUMi c.e le sv Bei TvUc.dLei eMBavUMMeLeMD SZ /³=ç' vgiS.D MD le . Laie eM OSBve lei

.Uai ESa .aLaDeMD iUM SDa.ai DaUMè USv keDDe v aiUM' .%ettak kaDg lei lUiei vglSaDei le kSaBve'

vg .ai c.e eM UTDaLai MD iUM kDaBaDg caU.UsaESe eD i TeviaiD Mke l Mi .ei T. MD ' eiD Tvaie eM

kUMialgv DaUM' taM l% l TDev iUM SDa.ai DaUM SZ veiDvakDaUMi .gsai. DaBe /³θ' ³µçè
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% SDa.aige gDg i(MDhgDaige T v SMe LgDhUle iTgkataESe ESa TevLeD .% svgs DaUM lei

T vDakS.ei M MUiDvSkDSvgei eM svgs Di LakvULgDvaESei' vglSai MD aMia . TvgieMke le

M MUT vDakS.ei SMaESei /±+Yçè

³è±è± UMkDaUMM .ai DaUM eD k v kDgvai DaUM le .ù Bek .e S– −

e.UM .ei TT.ak DaUMi TvgkgleMDei kUMkevM MD . tUMkDaUMM .ai DaUM le .ù Bek lei aUMi

LgD ..aESei' ES Dve kULTUigi lattgveMDi - c ie le kSaBve– −' De.i ESe .e iS.t De le kSaBve

TeMD h(lv Dg – S (−' .e iS.t De le kSaBve Dvac iaESe – S −' .%UZ(kh.UvSve le kSaBve – S Z .−

eD .%h(lvUZ(le le kSaBve – S ( Z−' UMD gDg khUaiaiè ùgDSle gD aD Zge iSv .% svgs DaUM lei

T vDakS.ei le l Mi .ei T. MDei' eM DevLei le tUvLe eD le laLeMiaUM' taM le Bgvataev

.% svgs DaUM LakvULgDvaESe le .ù è

v LakvUikUTae g.ekDvUMaESe' .e LmLe iTekD gDg Bgvatag iSv .ei tUvLS. DaUMi UcDeMSei eM

tUMkDaUMM .ai MD .ù Bek lei aUMi kSaBve– − eD iSv lei teSa..ei le aMtekDgei T v .e

T DhUsdMe tUMsaESe' V ' eD Dv aDgei T v TS.Bgvai DaUM Bek .ei LmLei tUvLS. DaUMi iSv

.ei iSvt kei c Za . eD .ei iSvt keiè

ei vgiS.D Di LUMDveMD ESe .e T le kh ESe kULTUig le kSaBve– − aMt.SeMke .e T taM . lei

tUvLS. DaUMi Bek è ULLe lgkvaD l Mi . .aDDgv DSve' .e T ,USe SM vI.e aLTUvD MD l Mi .

kvUaii Mke lei M MUkvaiD SZ ' ESa SsLeMDeMD - T vDav lùSM T iSTgvaeSv - θ'++è±µ'αµ %

TSve TT.aESge l Mi keDDe gDSle' LUMDvg SM T le ±³'=µè e T v LdDve iSca SMe B va DaUM

Tvdi tUvLS. DaUM le .ù Bek kh ESe ie. kSaBve– − – c.e ³−è

M kUMialgv MD S (' .e ieS. kULTUig iU.Sc.e le kSaBve– −' . B va DaUM lS T gD aD

T vDakS.adveLeMD tUvDe eD Tvdi tUvLS. DaUM Bek .ù ' .e T gD aD le ³'³θè Sv . c ie le kei

lUMMgei' a. gD aD TvgBS le lgDekDev SMe laiiU.SDaUM T vDae..e US DUD .e lei T vDakS.ei le l Mi

SMe De..e tUvLS. DaUMè ei kULTUigi le kSaBve– − aMiU.Sc.ei UMD eS SM aLT kD LUaMlve iSv .e

T taM . lei tUvLS. DaUMi Bek eD .ei B .eSvi gD aeMD TTvUZaL DaBeLeMD le ±±'++è Mi kei

tUvLS. DaUMi' a. gD aD DDeMlS l%UcievBev SMe iDvSkDSv DaUM T.Si iD c.e lei T vDakS.ei - c ie le

è

SDve . iD ca.aDg eD . kvUaii Mke lei T vDakS.ei lù ' .e T gBaleLLeMD SM aLT kD

iSTT.gLeMD ave iSv .%gkh Mse l%aUMi S– − Bek è M D MD ES%gkh MseSv tUvD l%aUMi' – − - .

iSvt ke le .ù TeSD gkh Msev lei LgD SZ .USvli laB .eMDi /±+µ' ±+μçè Mi SMe gDSle vgkeMDe'

vg .aige iSv SM kULTUiaDe - c ie le .ù T vDae..eLeMD iSciDaDSge eM L sMgiaSL' UM UcievBg

ESe .% liUvTDaUM lgTeMl tUvDeLeMD lS T le . iU.SDaUM eD e..e eiD SsLeMDge Bek

.% SsLeMD DaUM lS T è M T vDakS.aev' .% liUvTDaUM le S– − k. aveLeMD SsLeMDg le ±μ'θ∆ -

μ='J∆ .UviESe .e T le . iU.SDaUM gDg SsLeMDg le ±'+ - Y'μ TSai .gsdveLeMD laLaMSg -
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μY'µ∆ TUSv SM T le J'μè e ThgMULdMe gD aD iiUkag SZ vg kDaUMi TUiiac.ei le .%gkh Mse

S– − le . iU.SDaUM /±±+çè eDDe UcievB DaUM iSssdve SMe gDSle Th(iakU@khaLaESe lei

Lgk MaiLei eD kaMgDaESei TUDeMDae.i le .%gkh Mse l%aUMi S– − eMDve eD .ei ie.i kSaBve– −è

ei vgiS.D Di le – @ ( atv kDaUM− kUMtUvDeMD .ei UcievB DaUMi ka@leiiSi – asè ±−è e

la sv LLe le lattv kDaUM D(TaESe gDg lgDekDg TUSv .ù TSveè .svg . kUMkeMDv DaUM

eZkeiiaBe lei kULTUigi le kSaBve– −' ESa l Mi . L ,UvaDg lei tUvLS. DaUMi kUSBve .e

la sv LLe le lattv kDaUM ' a. gD aD TUiiac.e le laikvaLaMev . TvgieMke US MUM lei T vDakS.ei

le l Mi .ei gkh MDa..UMi M .(igiè M ke ESa kUMkevMe .e T ' .ei la sv LLei lei

tUvLS. DaUMi lattdveMD eM tUMkDaUM le .% kDaBaDg lei aUMi h(lvUsdMe lei kULTUigi le kSaBve– −

TSviè

UMkevM MD .ei laLeMiaUMi lei T vDakS.ei gDSlagei' .ei vgiS.D Di le – (M Lak iev

k DDevaMs− lgLUMDveMD . kUMtasSv DaUM aMDgveii MDe l Mi .ei LakvU@ svgs Di le .%

M MUiDvSkDSvge TT.aESge – asè ³−è .svg .% cieMke l Mi . .aDDgv DSve le k v kDgvai DaUM

Th(iaESe eD khaLaESe lei kULTUigi le kSaBve– − TT.aESgi eM svakS.DSve' .ei vgiS.D Di

TeSBeMD lUMMev SMe aMlak DaUM vge..e iSv . D a..e LU(eMMe lei T vDakS.ei - c ie le S – −

SDa.aigei kULLe TeiDakalei eMDve ± eD ±++ KLè M eZk.S MD .e vgiS.D D le .%gkh MDa..UM @

S (' ESa eiD TvUc c.eLeMD .ag - lei T vDakS.ei TvaMkaT .eLeMD - c ie le θ' SMe

laiDvacSDaUM le D a..e aMDgveii MDe eiD lgkvaDe T v .ei gkh MDa..UMi @ S eD @ S ( ' TUSv

.eiESe.i .e TUSvkeMD se g.eBg le T vDakS.ei eMDve +'Y eD ± KL TeSD veTvgieMDev SMe kUMlaDaUM

TUiaDaBe TUSv UTDaLaiev .% TT.ak DaUM eD . laiDvacSDaUM l Mi . T. MDeè M t aD' . laLeMiaUM lei

T vDakS.ei TUDeMDae..eLeMD SM aLT kD lavekD iSv . D a..e lei sUSDDe.eDDei sgMgvgei .Uvi le

.% TT.ak DaUM lS TeiDakale T v TS.Bgvai DaUM' ke ESa veTvgieMDe SM t kDeSv kvSka . TUSv .%ettak kaDg

l%SM Dv aDeLeMD /±±³çè

Mi . TvgieMDe gDSle' .ei aL sei – v MiLaiiaUM .ekDvUM akvUikUT(− gD aeMD

tUMl LeMD .ei TUSv kULTveMlve .% svgs DaUM lei T vDakS.ei T.SDID ESe .eSv D a..e' eM

kULcaM aiUM Bek . kULTUiaDaUM g.gLeMD ave le . T vDakS.e iTekDvULdDve - v (UMi laiTeviat

– −' eM kUMialgv MD ESe .%aMkevDaDSle le LeiSve l% eiD sgMgv .eLeMD le ³+∆ /±±θçè

M T.Si le .% svgs DaUM caeM kUMMSe le .ù l Mi leiLakvU@ svgs Di kULTUigi le M MUkvaiD SZ

le D a..e ±++ ML /±±Yç' .ei UcievB DaUMi UMD vgBg.g leSZ D(Tei TvaMkaT SZ le tUvLe iSv .ei

T vDakS.ei gDSlagei – asè α−è ei lUMMgei eD iiUkagei - .%gkh MDa..UM @ S ( UMD

gDg kUMtavLgei T v . lgDekDaUM le T vDakS.ei veiieLc. MD - lei asSa..ei ESa lattdveMD

T vDae..eLeMD le . tUvLe D(TaESe le . T vDakS.e eD DUD .eLeMD le . tUvLe lei SDvei

T vDakS.ei - c ie le S– −è
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% M .(ie g.gLeMD ave gs .eLeMD vgBg.g SMe Dvdi t ac.e TvgieMke le k .kaSL l Mi . T vDakS.e

lgDekDge iSv .%gkh MDa..UM @ S (' ke ESa B .ale .ei kUMk.SiaUMi lei vgiS.D Di T v è

v kUMigESeMD' eM lgTaD le . tUvLe eD le . laLeMiaUM le kei T vDakS.ei' lei svgs Di

hULUsdMei' T.Si iaLa. avei SZ svgs Di D(TaESei lS TSv' UMD gDg UcievBgi l Mi .%gkh MDa..UM

- c ie le @ S è Mi ke k i' .% M .(ie g.gLeMD ave lei svgs Di aMlaESg . TvgieMke le

S– − iiUkag - lei T vDakS.ei - c ie le k .kaSL eD le ThUiThUve – −è

M T vDakS.aev' eM kULT v MD .ei leSZ gkh MDa..UMi – asè θ' Y−' SM etteD le laiDvacSDaUM T.Si g.eBg

eiD DDeMlS T v .ei T vDakS.ei le .%gkh MDa..UM @ S ( eD a. eiD .ag - . tUvLe l% asSa..e lei

svgs Di' iasMata MD gs .eLeMD SMe iSvt ke iTgkataESe g.eBge k T c.e le .acgvev lei aUMi

TUDeMDae..eLeMD S– −è % SDve T vD' . leMiaDg T.Si g.eBge lei T vDakS.ei l Mi .ei svgs Di le

.%gkh MDa..UM @ S TeSD veTvgieMDev SM iTekD kvSka . iSv . iD ca.aDg eD . TeviaiD Mke lS

Dv aDeLeMD l Mi . T. MDeè

³è±è³ TT.ak DaUM eD k v kDgvai DaUM

Tvdi .ei Dv aDeLeMDi iSv .ei teSa..ei' SM etteD Th(DUDUZaESe gDg lgDekDg - . tUai iSv .ei

iSvt kei lei teSa..ei c Za .ei eD l Za .ei Dv aDgei Bek .e TvUlSaD - c ie le S (è eD etteD

gDg lgkvaD l Mi . .aDDgv DSve L ai Me kUMkevMe T i .ei TvUlSaDi Th(DUTh vL keSDaESei k v

TUSv ESùa. iUaD SDUvaig eM D MD ESe tUMsakale eM svakS.DSve – Bek .e MUL kULLSM le cUSa..ae

cUvle. aie− S ( lUaD mDve MeSDv .aig T v .%h(lvUZ(le le k .kaSL /±±J' ±±=çè

Mi MUDve gDSle' . cUSa..ae cUvle. aie M% T i gDg DeiDge k v ke M%eiD T i SM kULTUig le

kSaBve– − TSv eD iUM gkh Mse le TUDeMDae. l Mi .ei aUMi S– − eiD kUMlaDaUMMg T v .e TvUkeiiSi

le MeSDv .ai DaUMè UMialgv MD ESe .e Dv aDeLeMD - c ie le @ S ( M% T i TvUlSaD l%etteD

Th(DUDUZaESe iSv .ei teSa..ei Dv aDgei' a. ieLc.e BUav SM etteD iaLa. ave - . MeSDv .ai DaUM T v

.%h(lvUZ(le le k .kaSL iSv S (è eDDe TUiiaca.aDg eiD veMtUvkge T v .ei vgiS.D Di le ' ESa

LUMDveMD .ei lattgveMkei eMDve .ei la sv LLei le lattv kDaUM le .%gkh MDa..UM S ( eD .

tUvLS. DaUM @ S (è aeM ESe .e T lei leSZ gkh MDa..UMi TT.aESgi gD aD iiex iaLa. ave' .

MUM@DUZakaDg lS Dv aDeLeMD - c ie le @ S ( gD aD TvUc c.eLeMD .age S vg vv MseLeMD eD

- .%aMDev kDaUM lei aUMi S– − Bek .ei T vDakS.ei lgDekDgei - c ie le ThUiThUveè

– MBavUMLeMD . k MMaMs .ekDvUM akvUikUTe− gD aD SMe DekhMaESe SDa.e TUSv gDSlaev

.% svgs DaUM lei T vDakS.ei l Mi .ei T. MDei' eM T vDakS.aev TUSv gB .Sev .%ettak kaDg lei

Dv aDeLeMDi l Mi . TvUDekDaUM le . T. MDe kUMDve .ei T DhUsdMei – asè =' µ−è keD gs vl'

.% TT.ak DaUM le eiD c ige iTgkataESeLeMD iSv i TvUTvagDg le sgMgvev lei veBmDeLeMDi

caU.UsaESeLeMD kDati M MUiDvSkDSvgiè±µ %gkh MDa..UM le teSa..e Dv aDg Bek LUMDve le De..ei
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T vDakS.ei svgsgei iSv . iSvt ke le . teSa..eè kUMtasSv DaUM . T.Si iaLa. ave gDg UcievBge

iSv lei teSa..ei Dv aDgei Bek @ S (' kUMtavL MD .ei vgiS.D Di S è

M kULLeMD ave iSTT.gLeMD ave lUaD mDve ,USDg iSv .e Dv aDeLeMD c ig iSv ieS.' ESa M%

LUMDvg SkSM etteD DUZaESe iSv . T. MDe US iSv .e T DhUsdMeè DUZakaDg TUDeMDae..e le .%

M%eiD T i k. aveLeMD lgkvaDe l Mi . .aDDgv DSve' eD e..e t aD .%Uc,eD le MULcveSiei gDSlei eD

TT.ak DaUMi TeMl MD T.SiaeSvi MMgei l Mi .e lUL aMe Lglak . TUSv .ei laiTUiaDati le k. iie '

eD è

g MLUaMi' SM vgiS.D D TvULeDDeSv iSv .e kUMDvI.e T DhUsdMe le . BasMe gDg vgBg.g T v

.%gkh MDa..UM @ S ( eD Siia T v .e @ S ' ke ESa eiD kUMtavLg T v .ei UcievB DaUMi

TvgkgleMDei iSv .% svgs DaUM' . iD ca.aDg eD . laiDvacSDaUM lei T vDakS.ei – asè μ−è eDDe

UcievB DaUM' caeM ESe M%gD MD T i iTgkataESeLeMD .%Uc,eD le keDe gDSle' iSssdve . MgkeiiaDg

l%SMe gDSle T.Si TTvUtUMlae lei TvUTvagDgi le .% M MUiDvSkDSvg TUSv Lg.aUvev .

laiDvacSDaUM' . TeviaiD Mke eD . .acgv DaUM UTDaL .e lei aUMi S– − l Mi .ei T. MDeiè eka eiD

eMkUve T.Si veL vES c.e TUSv . vglSkDaUM TUDeMDae..e le . ES MDaDg le iSciD Mkei kDaBei ESa

lUaBeMD mDve TT.aESgei l Mi . TvUDekDaUM lei T. MDei' ke ESa eiD .%SM lei TvaMkaT SZ Uc,ekDati

le . seiDaUM lSv c.e lei L . laeiè keD gs vl' .%ettak kaDg lS lUi se vglSaD lS kSaBve kUMDve

V gDg vgkeLLeMD gDSlage iSv lei tUvLS. DaUMi kULLevka .ei TT.aESgei eM

BaDakS.DSve caU.UsaESeè

M kUMk.SiaUM' .e TvgieMD Dv B a. aMlaESe . TUiiaca.aDg l% Lg.aUvev .% kDaBaDg caU.UsaESe l%SMe

iSciD Mke caU kDaBe eMLUlata MD i iDvSkDSve - Dv Bevi SMe tUvLS. DaUM iTgkataESe eD vg .ai c.e

Bek SM L Dgva S caUkULT Dac.eè
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³è³è� h TaDve ³ & B .S DaUM eD le .% kDaBaDg caU.UsaESe le .%h(lvUZ( T DaDe

tUMkDaUMM .aige T v lei kULTUigi le kSaBve– − TUSv .e kUMDvI.e lei T DhUsdMei tUMsaESei le

. BasMeè

vDak.e ikaeMDataESe iUSLai - h(DUT DhU.Us(

DDaiDUM è' MDUMae..a è' a vkU è' UMD aMe è Ml SsM a è –³+±µ−è MMUB DaBe le.aBev( Ut kUTTev– − aUMi c(

M MU@iDvSkDSvel h(lvUZ( T DaDeô TUDeMDa . TT.ak DaUM DU eMh Mke Dhe iSiD aM c.e kUMDvU. Ut

è

BasMe – è− eiD .%SMe lei kS.DSvei tvSaDadvei SDa.ai MD .e T.Si le tUMsakalei TUSv

kUMDvI.ev lei L . laeiV eiD TvUc c.eLeMD . L . lae . T.Si sv Be le .

BasMe k T c.e le k Siev lei TevDei le veMleLeMD kUMiD MDeiè S ta. lei MMgei' T.SiaeSvi

aMsvglaeMDi kDati UMD gDg lgBe.UTTgi TUSv kUMDvI.ev .ei lULL sei TUDeMDae.i le keDDe L . laeè

%SDa.ai DaUM i(iDgL DaESe le tUMsakalei Uvs MaESei TvUBUESg .%gLevseMke le iUSkhei

vgiaiD MDei le V è eS. SM vgsaLe le Dv aDeLeMDi - c ie le kSaBve TevLeD l%gBaDev ke. '

sv1ke S LUle l% kDaUM MUM iTgkataESe lei tUMsakalei kUMDeM MD lS kSaBveè M BaDakS.DSve

caU.UsaESe' . TvUDekDaUM kUMDve .e La.laUS eiD eiieMDae..eLeMD iiSvge T v .%SDa.ai DaUM le

tUMsakalei kSTvaESei' lUMD .%SDa.ai DaUM eM svakS.DSve leBv aD mDve l B MD se veiDveaMDe T v .ei

T (i eSvUTgeMi' eM v aiUM le iUM TvUta. gkUDUZakU.UsaESe eD Th(DUDUZakU.UsaESe kvaDaESeè

vekhevkhe iSv .ei tUvLei aMMUB MDei le kSaBve TUSv .SDDev kUMDve .e La.laUS eiD TT vSe kULLe

.% TTvUkhe . T.Si TvULeDDeSie' aMia ESe .%UTDaLai DaUM le . laiDvacSDaUM eD le . TeviaiD Mke

lei TeiDakalei - c ie le kSaBveè

TvgieMDe vekhevkhe gDSlae .ei TvUTvagDgi le Dv MiTUvDeSvi –Q lvSs le.aBev( 8− le

.%h(lvUZ( T DaDe i(MDhgDaESe – − caULaLgDaESe TUSv Lg.aUvev .% kDaBaDg caU.UsaESe lei aUMi

S– −è keD etteD' ES Dve kULTUigi lS kSaBve– − – S (' S ' S ( Z eD S Z .− UMD gDg

tUvLS.gi Bek .e kULTUi MD aMMUB MD eD TT.aESgi l Mi SM eii a Tvg.aLaM ave MDatUMsaESe

kUMDve ' SM SDve T DhUsdMe kULLSM le . BasMeè Mi SM iekUMl

DeLTi' lei eii ai l%ettak kaDg kUMDve V eM ievve UMD gDg vg .aigiè

vekhevkhe Lai eM gBaleMke .ei TvUTvagDgi le Dv MiTUvDeSv le .%h(lvUZ( T DaDe i(MDhgDaESe

caULaLgDaESe – − ESa gDg gDSlag TUSv Lg.aUvev .% kDaBaDg caU.UsaESe lei aUMi S– −è ei

vgiS.D Di k. aveLeMD TvULeDDeSvi UMD gDg LUMDvgi eM TT.aES MD .% - lei eii ai l%ettak kaDg

iSv . BasMe kUMDve V eM ievve' eM T vDakS.aev Bek .e kSaBve iU.Sc.e – S (−' vglSai MD

- . tUai . igBgvaDg eD .%aMkaleMke le . L . lae l Mi DUSDei .ei kUMlaDaUMi eZTgvaLeMD .eiè e

Dv aDeLeMD gs .eLeMDLUMDvg SMe ettak kaDg eD SMeTeviaiD Mke g.eBgei iUSi .%etteD le . T.Saeè

eTeMl MD' lei vgiS.D Di iasMatak Dati eD veL vES c.ei iSv .% kDaBaDg MDatUMsaESe lei iSciD Mkei

gDSlagei UMD gDg vgBg.gi T v .e DeiD Tvg.aLaM aveè
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D MD ieMiac.e SZ Dv aDeLeMDi - . vse iTekDve c igi iSv .e kSaBve /±αμç'

gs .eLeMD gDg gDSlag iSv . c ie l%eii ai eM . cUv DUave MDgvaeSvi vg .aigi TUSv gB .Sev

.%aMhacaDaUM le . kvUaii Mke L(kg.aeMMe T v lei T vDakS.ei MDaLakvUcaeMMei aMMUB MDei /±θ+çè

M sgMgv .' a. gDg iUS.asMg SM lesvg lattgveMD l%aMhacaDaUM T v kh ESe kULTUig S– −' eM

tUMkDaUM le .eSv lUi se TT.aESgè ULLe TvgBS' S ( gD aD Dvdi ettak ke TUSv aMhacev .

kvUaii Mke L(kg.aeMMe V - DUSDei .ei kUMkeMDv DaUMi TT.aESgei eD sv-ke - . h SDe

iU.Sca.aDg le ke ie. le kSaBve– −' ESa laiiUSD eM iU.SDaUM . T.Si tUvDe kUMkeMDv DaUM le S– −è

% kDaBaDg MDatUMsaESe aMtgvaeSve v TTUvDge T v .ei SDvei ie.i le kSaBve– −' De.i ESe S '

S Z . eD S ( Z' eiD .e vgiS.D D le .eSv T.Si t ac.e iU.Sca.aDg' k v kei kULTUigi DeMleMD -

veiDev eM iSiTeMiaUM' .acgv MD .eMDeLeMD eD l Mi kevD aMei kUMlaDaUMi .e S– − .ei aUMi /³+çè

³è³è± ii a Tvg.aLaM ave TUSv DeiDev .ùetteD MDatUMsaESe

% kDaBaDg MDaLakvUcaeMMe MUM iasMatak DaBe lgkvaD l Mi . .aDDgv DSve TUSv .ei T vDakS.ei - c ie

le /μµ' ±ααç TUSvv aD eZT.aESev .e vI.e kUMDv lakDUave le . tUvLS. DaUM iSv kh ESe

kULTUig le kSaBve– − – asè ³−è USv S (' .e ie. le kSaBve– − .e T.Si ettak ke' . kUMkeMDv DaUM

. T.Si g.eBge le –J∆− vglSaD iasMatak DaBeLeMD .% kDaBaDg aMhacaDvake le S ( .UviES%a. eiD

TT.aESg - . T.Si t ac.e kUMkeMDv DaUM le S– − –+'+Y∆−è eka gD aD iSTTUig mDve .ag - .%eZkdi le

' i Mi kDaBaDg MDaLakvUcaeMMe' kULT vg SZ aUMi S– − eM iU.SDaUMè ei UcievB DaUMi

lattgveMDei UMD gDg v TTUvDgei TUSv S ( Zè M sgMgv .' keD etteD gDg LUMDvg iSv DUSi .ei

kULTUigi le S– − TT.aESgi - S– − +'³∆' l Mi .eiESe.i .e J∆ SsLeMDg

iasMatak DaBeLeMD .%aMhacaDaUM le V S kUSvi lS DeLTiè

ei UcievB DaUMi UMD iSssgvg l%gDSlaev .e vI.e le .acgv DaUM TUDeMDae..eLeMD ,USg T v

.% T v v TTUvD S ie. tUMkDaUMMe. le kSaBve– − eD S v TTUvD le kUMkeMDv DaUM eMDve .ei aUMi

eD S– − TT.aESgi l Mi . tUvLS. DaUMè

³è³è³ ii ai lùettak kaDg

Mi lei kUMlaDaUMi le ievve' lei vgiS.D Di TvULeDDeSvi iSv .% kDaBaDg caU.UsaESe le

tUvLS. DaUMi - c ie le S– − eD le T vDakS.ei M MUiDvSkDSvgei le UMD gDg UcDeMSi T v .ei

TvgieMDei eZTgvaeMkeiè ei tUvLS. DaUMi TvgkgleLLeMD TT.aESgei ' UMD gDg TS.Bgvaigei

l Mi .%eii a ± iSv .e teSa.. se lei T. MDei - . LmLe kUMkeMDv DaUM eM aUMi S– − –+'+³Y∆− lS

tUMsakale kSTvaESe le vgtgveMke – c.e θ−è

Mi keDDe kUMlaDaUM' S ( tUvLS.g Bek α∆ le vglSai aD iasMatak DaBeLeMD .%aMkaleMke eD

. igBgvaDg le . L . lae D Mlai ES% Bek SMe DeMeSv T.Si g.eBge eM –J∆−' . tUvLS. DaUM @

S ( Tevl aD SMe kDaBaDg TvUDekDvake kUMDve V ' kUMtavL MD . DeMl Mke lgDekDge iSv

.%aMhacaDaUM le . kvUaii Mke le V T v .ei LmLei tUvLS. DaUMiè % kDaBaDg caU.UsaESe MUM
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iasMatak DaBe LUMDvge T v . LmLe kUMkeMDv DaUM le kUMtavLe ESe .e veMleLeMD g.eBg le .

tUvLS. DaUM le @ S ( M%eiD ijveLeMD T i SMe kUMigESeMke le .% kDaBaDg tUMsakale lei

T vDakS.ei - c ie le è % SDve T vD' SM Dvdi cUM kUMDvI.e le . L . lae gs .eLeMD gDg vg .aig

T v .e Dv aDeLeMD c ig iSv .e S ( TSv' L ai ke. eMDv fMg SMe Th(DUDUZakaDg g.eBge iSv .ei

teSa..ei Dv aDgeiè ULLe lgkvaD T v eii.ev V –³+±±− /³+ç' S ( eiD .e kUMiDaDS MD TvaMkaT .

le . cUSa..e cUvle. aie' ESa eiD SM tUMsakale kSTvaESe lgBe.UTTg eM MeSDv .ai MD eD taZ MD .ei

aUMi S– − h SDeLeMD iU.Sc.ei eD Th(DUDUZaESei le ke ie. le kSaBve – asè α−è

LakvUikUTae g.ekDvUMaESe gDg SDa.e TUSv gDSlaev . laiDvacSDaUM lei T vDakS.ei eD .% svgs DaUM

l Mi .ei T. MDei' k v .% TT.ak DaUM le .% eiD lSe - i TvUTvagDg le sgMgvev lei veBmDeLeMDi

caU.UsaESeLeMD kDati M MUiDvSkDSvgi /μθçè e De..ei T vDakS.ei svgsgei UMD gDg lgDekDgei iSv

.ei gkh MDa..UMi le teSa..ei Dv aDgei Bek è Me kUMtasSv DaUM iaLa. ave gDg UcievBge iSv .ei

teSa..ei Dv aDgei Bek @ S (è .Uvi ESe .ei Dv aDeLeMDi c igi iSv .ei kULTUigi aMiU.Sc.ei

S– − eD TT v aiieMD laiDvacSgi l Mi .ei T.Si TeDaDei svgs DaUMi le T vDakS.ei' LUMDv MD

lattgveMDi svgs Di T v v TTUvD SZ L i lù – asè J−è

kUMtUvL DaUM eD . laiDvacSDaUM le T vDakS.ei laBeviei vet.dDeMD .ei lattgveMDi vgiS.D Di

LUMDvgi T v .%eii a - etteD le ievve ±è eD iTekD iUS.asMe .%aLTUvD Mke le . TvUT s DaUM eD

le . laiDvacSDaUM lei aUMi S– − iSv . iSvt ke lei teSa..ei eM ke ESa kUMkevMe .e kUMDvI.e le

.%aMtekDaUM tUMsaESe TvgkUke eD le .eSvi seMDi' .ei xUUiTUvei le V /±³±' ±³³çè M USDve'

. vgTUMie B va c.e lei Dv aDeLeMDi l Mi ± TeSD i%eZT.aESev T v .%etteD le .% svgs DaUM

avvgsS.adve lei T vDakS.ei eD lUMk le .eSv D a..e avvgsS.adve' ESa UMD SM aLT kD lavekD iSv . D a..e

lei sUSDDe.eDDei sgMgvgei .Uvi le .% TT.ak DaUM le . iSciD Mke TvUDekDvake' eM LUlata MD

.%ettak kaDg lS Dv aDeLeMD /±±³çè

tUvLS. DaUM @ S ( gDg gDSlage S.DgvaeSveLeMD eM D MD ESe tUMsakale kSTvaESe

TUDeMDae. T v v TTUvD - . tUvLS. DaUM @ S ' c ige iSv .e ie. S– − aMiU.Sc.e – asè θ−è Mi

.ei leSZ tUvLS. DaUMi' .%ettak kaDg le laBeviei kUMkeMDv DaUMi le gDg gDSlage T v v TTUvD

SZ kUMkeMDv DaUMi le S– −è M sgMgv .' .ei vgiS.D Di – ³− UMD kUMtavLg ESe . tUvLS. DaUM le

S ( . T.Si ettak ke –kUMDeM MD Y'³∆ le S– −− eiD c ige iSv .% B va c.e eMDve ³'θ∆ eD

α'J∆' kULLe UM .e BUaD l Mi .% ± eM ievveè e vgiS.D D eMkUSv se MD gDg lgLUMDvg T v .e

iSvlUi se – S – − +è+Y∆− eD le L Madve aM DDeMlSe' .Uvi lùSM Dv aDeLeMD iUSi lUig – S– −

+'+±∆−è eDDe levMadve lUMMge USBve lei TeviTekDaBei aMDgveii MDei T v v TTUvD SZ TveLadvei

gDSlei Bai MD - gDSlaev .%ettak kaDg le . vglSkDaUM lS lUi se lS kSaBve kUMDve V /³θ' ³µ'

±θ³' ±θαç eD lei veiDvakDaUMi tSDSvei TvUc c.ei le .%SDa.ai DaUM lS kSaBve eM svakS.DSveè ei

lUMMgei vekSea..aei iSv .ei tUvLS. DaUMi - c ie le S – α− aMlaESeMD SMe kDaBaDg

laiieLc. c.e lS t kDeSv [ ∆[ iSv .e ie. le kSaBve aMiU.Sc.eè M etteD' L .svg SMe ettak kaDg
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sgMgv .eLeMD T.Si t ac.e lei tUvLS. DaUMi le S ESe ke..ei c igei iSv S (' SMe

LUaMlve sv BaDg le . L . lae gDg LUMDvg S T.Si h SD ∆ le eD - . iSv@ eD iUSi@lUie l%aUMi

S– −è eDDe UcievB DaUM iSssdve SMe gDSle T.Si TTvUtUMlae iSv .eiLgDhUlei eD .ei L Dgva SZ

TT.ak c.ei TUSv . kU@tUvLS. DaUM UTDaL .e eMDve . iSiTeMiaUM lei T vDakS.ei M MUiDvSkDSvgei

lù eD .ei iSiTeMiaUMi lS kULTUig S– − aMiU.Sc.e' De. ESe S è

Mi .ei eii ai eM ievve vg .aigei iUSi .%etteD le LUSa.. se' a. gDg TUiiac.e l%gB .Sev . iD ca.aDg

eD . TeviaiD Mke iSv .ei teSa..ei le BasMe lei tUvLS. DaUMi - c ie le @ S ( eD le @ S è

UMDv aveLeMD - .%gDSle le sUiDaM V –³+±+− /±³+ç' .ei Dv aDeLeMDi kSTvaESei UMD gDg

TT.aESgi - T.Si tUvDe lUie l%aUMi S – − –+'+=Y∆− eD SMe T.Si sv Mle ES MDaDg le LUSa.. se

iaLS.ge –Y+ LL− vewSe T v .ei T. MDei TUSv LeDDve eM gBaleMke l Mi keDDe kUMlaDaUM .ei

TevtUvL Mkei TUDeMDae..ei .ei LUaMi ettak kei – asè Y−è eTeMl MD' L .svg . tUvDe iU.Sca.aDg

l Mi .%e S le S (' .ei tUvLS. DaUMi - c ie le ke ie. UMD tUvDeLeMD vglSaD . sv BaDg eD

.%aMkaleMke le . L . lae l Mi .ei leSZ kUMlaDaUMi –+ eD Y+ LL−è M eZk.S MD .e kUMDvI.e TUiaDat

LUMDvg T v .e Dv aDeLeMD S ( TSv eM v aiUM le . Th(DUDUZakaDg igBdve eD lattSie iSv .ei

teSa..ei Dv aDgei' a. gDg kUMtavLg .e kUMDvI.e veL vES c.e UcDeMS T v .e @ S ( i Mi SkSM

etteD iekUMl ave iSv .ei T. MDei' aMlaES MD aMia SMe aMDev kDaUM iasMatak DaBe eMDve .e S– −' .ei

aUMi eD .ei T vDakS.ei M MUiDvSkDSvgeiè % kDaBaDg le kUMDvI.e LUaMi aLTUvD MDe iUSi .%etteD

le . B se le LUSa.. se T v .e Dv aDeLeMD @ S gDg l B MD se kUvvg.ge - SMe LgDhUle

le kU@tUvLS. DaUM MUM UTDaL .e kUMialgv MD . DeMl Mke iaLa. ave v TTUvDge gs .eLeMD T v .e

Dv aDeLeMD S TSv' eM kULT v aiUM - . igBgvaDg le . L . lae LUMDvge T v .e tUMsakale

S è keD gs vl' . TevDaMeMke lS TvUkeiiSi le tUvLS. DaUM iSv .%ettak kaDg lei tUMsakalei

kSTvaESei lg,- gDg kULLeMDge l Mi . .aDDgv DSve' MUD LLeMD l Mi lei kUMlaDaUMi

eMBavUMMeLeMD .ei De..ei ESe .ei kUMlaDaUMi k.aL DaESei eD . kvUaii Mke lei T. MDei' k T c.ei

l%aMt.SeMkev tUvDeLeMD .%ettak kaDg lS TvUlSaD /³θçè

eDDe gDSle aMlaESe . TUiiaca.aDg l% SsLeMDev .% kDaBaDg caU.UsaESe eD lei aUMi

S– − eMLUlata MD .eSv laiDvacSDaUM' .eSv TeviaiD Mke eD .eSv laiDvacSDaUM - . iSvt ke lei teSa..ei'

- Dv Bevi SMe tUvLS. DaUM Bek lei T vDakS.ei M MUiDvSkDSvgei l%h(lvUZ( T DaDeè e. tUvLe SM

L Dgva S caUkULT Dac.e k T c.e le sgMgvev lei veBmDeLeMDi caU.UsaESeLeMD kDati iSv .

iSvt ke Dv aDgeè Mi ke kUMDeZDe' SMe gDSle T.Si TTvUtUMlae lei LUld.ei tUMkDaUMMe.i

TUSvv aD eMkUSv sev . vekhevkhe l% SDvei TT.ak DaUMi aMDgveii MDei iSv lei USDa.i svakU.ei

c igi gs .eLeMD iSv lei kULTUigi Uvs MaESei eD aMUvs MaESei' TT.ak c.ei - lei taMi le

TvUDekDaUM lSv c.e lei T. MDeiè
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³èαè� h TaDve α & aiDvacSDaUM eD ettak kaDg le .%h(lvUZ( T DaDe tUMkDaUMM .aige T v leSZ

kULTUigi le kSaBve– − l Mi .ei DaiiSi .asMeSZ le . BasMe kU.UMaigi T v SM seMD T DhUsdMe

tUMsaESe B ikS. ave eD k v kDgvai DaUM lei vgTUMiei le lgteMie kDaBgei T v . T. MDe

vDak.e ikaeMDataESe eM TvgT v DaUM TUSv eiDakale aUkheLaiDv( Ml h(iaU.Us(

DDaiDUM è' ULT MD è' MDUMae..a è' aLUMa è' a vkU è' SsM a è Ml UMD aMe è –³+±µ−è kDaBaD(

Ut kUTTev– − c iel tUvLS. DaUMi DU kUMDvU. Dhe kU.UMai DaUM Ut Dhe eik @ iiUka Del tSMsSi

è

ei L . laei lS cUai le . BasMe – − leBaeMMeMD SMe LeM ke igvaeSie eD kvUaii MDe l Mi .ei

BasMUc.ei lS LUMle eMDaevè MgkeiiaDg le iDv Dgsaei aMMUB MDei le seiDaUM lei L . laei

TeviaiDe TSaiESe .ei TeiDakalei TT.aESgi TUSv kUMDvI.ev kevD aMi lei UMD gDg aMDevlaDi eD

,SiES%- TvgieMD' SkSM Dv aDeLeMD Siia ettak ke M% gDg lgBe.UTTgè Mi ke kUMDeZDe'

.% TT.ak DaUM le LgDhUlei l%aL sevae' lg,- TT.aESgei - .%gDSle lei aMDev kDaUMi T. MDe@

LakvUce /±θJç' TUSvv aD veTvgieMDev SM USDa. kvSka . TUSv kULTveMlve .%etteD lei Dv aDeLeMDi

eZTgvaLeMD SZ iSv .ei T DhUsdMei .agi SZ eD iSv .ei DaiiSi kU.UMaigiè

Mi . TvgieMDe gDSle' lei eii ai UMD gDg LeMgi TUSv gB .Sev .%ettak kaDg le Dv aDeLeMDi - c ie

le leSZ kULTUigi le kSaBve– − .acgvgi T v SM i(iDdLe le Dv MiTUvDeSvi –Q lvSs le.aBev( 8− c ig

iSv .%h(lvUZ( T DaDe aMUvs MaESe caULaLgDaESe eD TT.aESgi TUSv TvUDgsev .ei T. MDi eM

TgTaMadve le ' SM T DhUsdMe tUMsaESe iiUkag SZ è

ei Dv aDeLeMDi UMD gDg TT.aESgi iSv ke L Dgvae. le TvUT s DaUM .Uvi lS TvUkeiiSi le

vgh(lv D DaUM lei TUvDe@svettei – Z kB Y − eD lei svettUMi –

' kB h vlUMM (−è Tvdi . iUSlSve' .ei T. MDi svettgei UMD gDg kS.DaBgi eM ievveè ei

BasMei UMD gDg aMUkS.gei Bek SM aLT. MD l% s v kUMDeM MD .e T DhUsdMe –stT= Dv MitUvLg US

MUM Dv MitUvLg− S MaBe S lS TUvDe@svetteè

SaMxe ieL aMei Tvdi .%aMUkS. DaUM' .ei T. MDei UMD gDg vgkU.Dgei eD .ei DaiiSi .asMeSZ UMD gDg

UcievBgi T v LakvUikUTae kUMtUk .e - c . ( se . iev – −è Tvdi kei UcievB DaUMi' .e kSaBve

gDg ES MDatag l Mi .e LmLe L Dgvae. BgsgD . T v .%aMiDvSLeMD @ è MtaM' .ei vgTUMiei le

lgteMie le . BasMe UMD gDg gDSlagei l Mi .ei teSa..ei Dv aDgei lei LmLei T. MDei' eM M .(i MD

.%eZTveiiaUM le sdMei lUMD .ùeZTveiiaUM eiD LUlatage l Mi .e k i lei ' lùSM Dv aDeLeMD S

kSaBve US le LU.gkS.ei M DSve..eiè

³èαè± ii a lùaMhacaDaUM le . kvUaii Mke lS T DhUsdMeè

e ∆ – vUHDh MhacaDaUM− le L(kg.aSL le V  gDg k .kS.g ³µ ,USvi Tvdi

.%aMUkS. DaUMè ei TvUlSaDi UMD gDg TT.aESgi l Mi .e La.aeS iU.ale le iUvDe ES%a. gDg ,USDg Bek

.ei kUMkeMDv DaUMi iSaB MDei le S– − ô +'+Y q +'± eD +'³∆ T9Tè M UcievB MD . kUSvce le ' .ei
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leSZ kULTUigi le S– − gD aeMD ettak keiè M veB Mkhe' .ù M% LUMDvg SkSM etteD tUMsakale

L ai - .ùaMBevie SM etteD iDaLS. MD aMaDa . iSv . kvUaii Mke L(kg.aeMMe gDg UcievBgeè e T.Si'

keD etteD M% T i vglSaD .%ettak kaDg le S (' kUMtavL MD iUM aMDev kDaUM TUiaDaBe Bek ' ESa

gDg LUaMi MUDg Bek .e S – asè ³−è

³èαè³è cievB DaUMi LakvUikUTaESei TUSv gDSlaev . kU.UMai DaUM lS T DhUsdMeè

ei aL sei – asè α Ml θ− iUMD TvgieMDgei ie.UM –a− .e D(Te le V ' iUSkhe le D(Te

i SB se eD V  ' –aa− . T vDae lS iaDe l%aMUkS. DaUM' . k BaDg' . cUvlSve lS

T veMkh(Le LelS.. ave eD .e Z(.dLe Bek .e T veMkh(Le' –aaa− eD .e Dv aDeLeMD' .e kUMDvI.e' '

S (' S ' S (> eD S > è SkSM iasM . M% gDg lgDekDg l Mi .ei T. MDei

DgLUaMi aMUkS.gei Bek V iUSkhe i SB seè %aMUkS. DaUM le V  vgSiia

l Mi .ei T. MDei DgLUaMi eD kUMlSaD - SMe kU.UMai DaUM T.Si iasMatak DaBe lei h(Thei le ke

kh LTasMUM l Mi .e iaDe le . k BaDg T v v TTUvD SZ SDvei DaiiSiè ei h(Thei le V

 UMD gDg lgDekDgi l Mi .ei T. MDi Dv aDgi Bek ' eM T vDakS.aev l Mi .e Z(.dLe

eD l Mi .e T veMkh(Leè e iasM . – asè Y− gs .eLeMD gDg lgDekDg l Mi .e L Dgvae. BgsgD .

le kh ESe Dv aDeLeMD' LUMDv MD k. aveLeMD SMe aMDeMiaDg eD SMe laiDvacSDaUM lattgveMDei lei

h(Thei eMDve .ei Dv aDeLeMDi eD l Mi . T vDae lS iaDe l%aMUkS. DaUMè UMkevM MD .ei Dv aDeLeMDi

- c ie le kSaBve' SM iasM . BevD Dvdi t ac.e gDg lgDekDg S TUaMD l%aMUkS. DaUM l Mi DUSi .ei

Dv aDeLeMDiè Mi .e T veMkh(Le LelS.. ave' ieS. .e Dv aDeLeMD Bek > S ( M% T i

LUMDvg . TvgieMke lS T DhUsdMe' .Uvi ESe l Mi .ei B aiie SZ lS Z(.dLe' a. Mù , L ai gDg

lgDekDg aMlgTeMl LLeMD lei Dv aDeLeMDiè Mi keDDe gDSle' .ei LgDhUlei l%aL sevae

TT.aESgei ieLc.eMD vgBg.ev laiDaMkDeLeMD . TvgieMke tUMsaESe eD . kU.UMai DaUM - .%aMDgvaeSv

eD SDUSv lS iaDe l%aMUkS. DaUM l Mi .ei TUvDe@svettei' Dv aDgei Bek lei iSciD Mkei

eZTgvaLeMD .ei eD MUM Dv aDgeiè

³èαèα S MDatak DaUM lS kSaBve l Mi .ei DaiiSiè

ES MDatak DaUM lS kSaBve – asè J Ml =− eiD TvgieMDge eM tUMkDaUM lei DaiiSi BgsgD SZ

–T veMkh(Le LglS.. ave' DaiiSi B ikS. avei' gkUvke−' eD lS DeLTi le lgDekDaUM –TUiD@

Dv aDeLeMD' TUiD@vgkU.De−è %gDSle le .ùgkUvke B aD TUSv Uc,ekDat le k v kDgvaiev . l(M LaESe

lS Dv aDeLeMD - . iSvt ke le . T. MDe' Laie eM gBaleMke T v SMe lattgveMke iasMatak DaBe le

tUMkDaUM lS kULTUig L ai Siia SMe TeviaiD Mke aM DDeMlSeè Mi .ei DaiiSi B ikS. avei eD .e

T veMkh(Le LglS.. ave' .%gkhe..e kh Mse kUMialgv c.eLeMD ô l Mi .e T veMkh(Le LglS.. ave'

a. ( SMe Dvdi t ac.e kkSLS. DaUM le kSaBve' iasMatak DaBe ieS.eLeMD Bek S (' eZT.aES MD

aMia .ei vgiS.D Di v TTUvDgi T v .ei aL sei è Mi .ei DaiiSi B ikS. avei' a. M% T i gDg
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TUiiac.e le kUMk.Sve' eM v aiUM l%SMe DeMeSv g.eBge eM kSaBve UcievBge l Mi .e kUMDvI.e TeSD

mDve lSe - SMe kUMD LaM DaUMè

³èαèθè DSle lei vgTUMiei le . BasMe T v caU.Usae LU.gkS. ave eM vgTUMie SZ Dv aDeLeMDi eD -

.ùaMtekDaUM vDatakae..e T v .e T DhUsdMeè

M M .(i MD .ei B .eSvi l%eZTveiiaUM ve. DaBei lei sdMei iiUkagi SZ lgteMiei le . BasMe µ h

Tvdi .e Dv aDeLeMD – asè µ−' SMe vgTUMie lattgveMDe gDg UcievBge eM tUMkDaUM lS kULTUig le

kSaBve' eM T vDakS.aev TUSv .ei tUvLS. DaUMi - c ie le è .svg .ei vgiS.D Di iasMatak Dati

UcDeMSi Bek .e S ( TSv' a. eiD veiTUMi c.e le .%etteD Th(DUDUZaESe kUMiD MD lg,- kUMMS

l Mi . .aDDgv DSve eD .ag - . iU.Sca.aDg g.eBge lS kULTUig eD S T Dvdi c iè M etteD' SM De.

kULTUig lUaD mDve MeSDv .aig Bek le .%h(lvUZ(le le k .kaSL TUSv mDve TT.aESg eMiSaDe TUSv

. TvUDekDaUM lei kS.DSvei iUSi .e MUL kULLSM le cUSa..e cUvle. aiè M ke ESa kUMkevMe .ei

B .eSvi l%eZTveiiaUM ve. DaBei le kei sdMei ³θ h Tvdi .e Dv aDeLeMD – asè μ−' SMe aMlSkDaUM T.Si

g.eBge gDg iasM .ge TUSv .ei leSZ kULTUigi le kSaBve– −è S ( TSve M%eiD T i

i Dait ai MDe eM v aiUM le . tUvDe Th(DUDUZakaDg lgDekDge q .ei B .eSvi g.eBgei MUDgei Bek .e

S aMlaESeMD SM kUjD gMevsgDaESe g.eBg TUSv .e LgD cU.aiLe le . T. MDeè aMia' .ei vgiS.D Di

UcDeMSi T v .ei Dv aDeLeMDi - c ie le kULTUigi le kSaBve– − eD le ' eM T vDakS.aev - µ h TUiD@

Dv aDeLeMD' iSssdveMD SMe gDSle T.Si TUSiige TveM MD eM kULTDe lattgveMDei T DhU.Usaei'

seMDi T DhUsdMei eD LgDhUlei l% TT.ak DaUMè UMk .% M .(ie Dv MikvaTDULaESe vgBg.g .e vI.e

TUDeMDae. lei tUvLS. DaUMi aMMUB MDei l Mi . iDaLS. DaUM lei vgTUMiei le lgteMie le . T. MDeè

M kUMk.SiaUM' . vekhevkhe Lai eM gBaleMke . TevDaMeMke le .%gDSle le .%aMDev kDaUM T. MDe@

T DhUsdMe T v lei LgDhUlei l%aL sevaeè Mi keDDe TeviTekDaBe' eM T vDakS.aev TUSv . seiDaUM

lei ' .ei iDv Dgsaei eZTgvaLeMD .ei le kUMDvI.e leBv aeMD gs .eLeMD mDve .agei - .

laiDvacSDaUM eD - . TeviaiD Mke le . iSciD Mke TT.aESge eD - iUM vI.e caU.UsaESe TUDeMDae.' eM

D MD ESe tUMsakale eD caUiDaLS. MD lS BgsgD .è
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αè� UMk.SiaUMi eD TeviTekDaBei

TvUDekDaUM lei BgsgD SZ eiD le T.Si eM T.Si UvaeMDge TUSv eMkUSv sev .e lgBe.UTTeLeMD lei

TTvUkhei aMMUB Dvakei - t ac.e aLT kD iSv .ùeMBavUMMeLeMDè eka eiD eMkUve T.Si lattaka.e l Mi

. .SDDe kUMDve lei L . laei eMkUve L . kULTvaiei eD ESa TeSBeMD ttekDev sv BeLeMD

.ù svakS.DSveè %eiD .e k i lei L . laei lS cUai le . BasMe – − ESa leBaeMMeMD SM TvUc.dLe

igvaeSZ eM BaDakS.DSve' D MD eM SvUTe ESe l Mi .e LUMle –TUSv veBSe UMle..U V' ³+±µ−

/Yαçè Mi ke kUMDeZDe' . TvgieMDe vekhevkhe gDg lgBe.UTTge eM D MD ES%gDSle

T.SvalaikaT.aM ave Bai MD - vgTUMlve - lei Uc,ekDati kvSka SZ ô . vglSkDaUM kUMialgv c.e le .

ES MDaDg le iSciD Mkei kDaBei h caDSe..eLeMD SDa.aigei TUSv . TvUDekDaUM le . BasMe eD

.%UTDaLai DaUM le .% kDaBaDg caU.UsaESe leiLmLei iSciD Mkei kUMDve lei T DhUsdMei B ikS. avei

.agi - lei L . laei kULT.eZeiè

vekhevkhe kUMlSaD - T.SiaeSvi vgiS.D Di TvULeDDeSvi' ESa iUSDaeMMeMD .% TT.ak DaUM

TUDeMDae..e l%SMe h(lvUZ( T DaDe – − iTgkataESe TUSv . TvUDekDaUM lei T. MDei eM Lg.aUv MD

.%ettak kaDg lei kULTUigi le kSaBve– −è Mi . TeviTekDaBe l% TTvUkhei aMMUB MDei eD lSv c.ei'

keDDe vekhevkhe gDg DeiDge TUSv .e kUMDvI.e le L . laei tUMsaESei khex è

ù tUMkDaUMM .aige Bek lei kULTUigi le kSaBve– − gDg eMDadveLeMD k v kDgvaige eD .

iD ca.aDg caU.UsaESe gDg gD c.ae eM ettekDS MD lei TT.ak DaUMi iSv .ei DaiiSi tU.a avei le V

- lei taMi le TvUDekDaUM lei T. MDei – DDaiDUM V' ³+±µ' kkeTDg−è

LUvThU.Usae' . iDvSkDSve eD . kULTUiaDaUM le .% tUMkDaUMM .aige Bek lattgveMDi kULTUigi

le kSaBve– − eD TS.Bgvaige iSv lei teSa..ei le BasMe UMD gDg lgDekDgei eD eMtaM' SM LUld.e le

Dv MiTUvDeSvi –Q lvSs le.aBev( 8− lattgveMD eD iTgkataESe gDg lgBe.UTTg TUSv kh ESe ie. le

kSaBve– −è Sv . c ie lei vgiS.D Di UcDeMSi' .% svgs DaUM LakvULgDvaESe eD . tUvLe le .% UMD

gDg lgkvaDei eM ve. DaUM Bek i iD ca.aDg .UviES%e..e eiD tUvLS.ge Bek lei aUMi S– −è Me

ttaMaDg T vDakS.adve gDg Laie eM gBaleMke TUSv .ei tUvLS. DaUMi - c ie le iS.t De le kSaBve

TeMD h(lv De eD le iS.t De le kSaBve Dvac iaESeè LakvUikUTae g.ekDvUMaESe iSv .ei iSciD Mkei

eD l Mi . T. MDe TevLai le vgBg.ev SM LUld.e le .aBv aiUM lattgveMD TUSv .e iS.t De le kSaBve

TeMD h(lv De eD .e iS.t De le kSaBve Dvac iaESe' eD . MUM hULU.Us DaUM le .eSvi svgs Di SZ

M MUiDvSkDSveiè e. gDg gs .eLeMD kUMtavLg T v .e DeiD eM ievve iSv '

l Mi .eESe. .% TSve M% LUMDvg SkSM etteD DUZaESe iSv . T. MDe eD .e T DhUsdMe' D Mlai ESe

.ei tUvLS. DaUMi - c ie le iS.t De le kSaBve TeMD h(lv De eD le iS.t De le kSaBve Dvac iaESe UMD

LUMDvg SM kUMDvI.e T.Si g.eBg lS T DhUsdMe ESe .ei kULTUigi le kSaBve TSv kUvveiTUMl MDiè
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Sv . c ie le keDDe TveLadve TTvUkhe' .% kDaBaDg caU.UsaESe le .% tUMkDaUMM .aige Bek lei

kULTUigi le kSaBve– − gDg gDSlage T.Si eM lgD a. ' iSv .e kUMDvI.e lei

T DhUsdMei tUMsaESei le . BasMeè

ei vgiS.D Di vekSea..ai gB .S MD . igBgvaDg eD .%aMkaleMke le . L . lae iSv .ei BasMei eM TUD

Dv aDgei' aMUkS.gei Bek V ' UMD LUMDvg .%etteD le .% Bek SMe DeMl Mke

iasMatak DaBeLeMD lattgveMDe TUSv kh ESe kULTUig le kSaBve– − – DDaiDUM V

h(DUT DhU.Us(' iUSLai−è ULTDe DeMS le kei vgiS.D Di TvULeDDeSvi' l% SDvei eii ai UMD gDg

ettekDSgi TUSv gB .Sev . iD ca.aDg lei Dv aDeLeMDi - .%etteD le . B se lei TvgkaTaD DaUMi'

UcDeM MD lei vgiS.D Di TUiaDati iSv .%ettak kaDg eD . TeviaiD Mke lei Dv aDeLeMDi eZTgvaLeMD SZ

T v v TTUvD SZ tUMsakalei kULLevka SZè

laiDvacSDaUM eD .%ettak kaDg le .% tUMkDaUMM .aige Bek lei kULTUigi le kSaBve– −' l Mi .ei

DaiiSi .asMeSZ le . BasMe kU.UMaigi T v lei T DhUsdMei B ikS. avei UMD gDg gDSlageiè USv ke. '

SMe gDSle le .%aMDev kDaUM T. MDe@T DhUsdMe T v lei LgDhUlei l%aL sevae - .ù ale le L Dgvae.

BgsgD . le TvUT s DaUM eM TgTaMadve gDg LeMgeè %gDSle vgBg.g kULLeMD kei T v LdDvei

TeSBeMD mDve Dvdi B va c.ei' Bek lei kUMigESeMkei iSv . kU.UMai DaUM lei seMDi T DhUsdMeiè

ei lUMMgei kUMkevD MDi . ES MDatak DaUM lei g.gLeMDi UMD vgBg.g SMe kUMkeMDv DaUM' SMe

laiDvacSDaUM eD SMe TeviaiD Mke lattgveMDei lS kSaBve iSv .e L Dgvae. BgsgD . Dv aDg eD M .(ig eM

leSZ DeLTi ô Tvdi .e Dv aDeLeMD eD Tvdi .e k(k.e BgsgD Datè ei lattgveMkei iUMD gs .eLeMD

.agei S kULTUig le kSaBve TT.aESg' kUMtavL MD .ei LUld.ei le .aBv aiUM TvgkgleLLeMD

TvUTUigiè

Me gDSle T v ..d.e c ige iSv .% M .(ie Dv MikvaTDULaESe TevLai lùgB .Sev .ùetteD le .% eD

lei kULTUigi le kSaBve– − TUSv iDaLS.ev .ei vgTUMiei le lgteMie le . T. MDeè e De.i

Dv aDeLeMDi TUSvv aeMD mDve TT.aESgi eM D MD ES%USDa. le caUiDaLS. DaUM TeMl MD .e TvUkeiiSi

le iUSlSve lei svettUMi eD9US TeMl MD . kvUaii Mke lei ,eSMei T. MDiè % kDaBaDg tUMsakale lS

kSaBve TUSvv aD kUMDvacSev S kUMDvI.e lei seMDi T DhUsdMei iiUkagi SZ è

MkUve SMe tUai' a. LUMDve iUM vI.e TUDeMDae.' MUD LLeMD TUSv . seiDaUM le L . laei eM

svakS.DSve caU.UsaESeè USDetUai' . ESeiDaUM le i lSv ca.aDg - .UMs DevLe veiDe TUige Bek

l%SM kIDg' . vglSkDaUM kUMigESeMDe le . ES MDaDg le c ie le kSaBve TT.aESge' eD le .ù SDve'

. caUiDaLS. DaUM TUDeMDae..e ESa veTvgieMDev aD SM DUSD TUSv . T. MDeè

UMkevM MD .ei TeviTekDaBei USBevDei T v .% TT.ak DaUM le .% TUSv TvUDgsev .ei BgsgD SZ' lei

kUMialgv DaUMi s.Uc .ei ievUMD tUvLS.gi iSv . c ie lei vgiS.D Di lei eii ai T v ..d.ei l Mi .e

BasMUc.e eD eM TgTaMadve' DUS,USvi eM kUSvi eM v aiUM le . MgkeiiaDg l%UcievBev T.SiaeSvi k(k.ei

BgsgD Datiè
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M kUMk.SiaUM' eM kULcaM MD .ei vgiS.D Di lei TTvUkhei Th(iaESei' khaLaESei'

LakvUikUTaESei' caU.UsaESei eD LU.gkS. avei' MUSi BUMi gDSlag SMe .DevM DaBe aMDgveii MDe

TUSv TvUDgsev . BasMe kUMDve leSZ L . laei tUMsaESei TevDaMeMDei' .e La.laUS eD .ùeik è

M T vDakS.aev' iSv . c ie lei Uc,ekDati kULLSMi' .ei kUMk.SiaUMi ve. DaBei SZ UMD gDg

TvgieMDgei eD laikSDgei l Mi .e k lve le .% kDaUM ±α+α TUvD MD iSv .e Q kUMDvI.e lSv c.e

lei L . laei lS cUai le . BasMe 8è aMia' taM l% Lg.aUvev . kULTvgheMiaUM lei ' kei

Dv B SZ UMD gDg TvgieMDgi k v a.i UMD TTUvDg lei kUMM aii Mkei iSv ô .% TT vaDaUM le

T DhUsdMei' .%aMDev kDaUM eMDve . BasMe eD .ei T DhUsdMei' .%gkU.Usae lei LakvU@Uvs MaiLei

BaB MD l Mi .e cUai eD .%g. cUv DaUM le MUSBe SZ TvUDUkU.ei le seiDaUM eD l% TTvUkhei le .SDDe

caU.UsaESeè
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a iiSMDU iUiD Mxa .e aM D .a MU
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±è� MDvUlSxaUMe seMev .e

BaDe – è− d SM le..e kU.DSve TaR aLTUvD MDa .aBe..U LUMla .e' aM ve. xaUMe ..

TvUlSxaUMe la BaMU e SB l D BU. /±çè tUvDSM D LeMDe' . L ssaUv T vDe le..e kS.DaB v

SDa.axx De Tev . BaMatak xaUMe iUMU .D LeMDe iSikeDDaca.a laBevia seMDa T DUseMa /³çè e. kUviU

le..%S.DaLU iekU.U' . .UDD khaLak le..e L . DDae d iD D . LaiSv TaR ettak ke SDa.axx D aM DSDDU

a. LUMlU Tev kUMDvU.. ve a T DUseMa' iTeka .LeMDe Me.. BaDakU.DSv LUlevM è UMialev MlU khe

.e aMtexaUMa tSMsaMe iUMU TvaMkaT .LeMDe veiTUMi ca.a lea l MMa .. ES .aD- le..%SB e ..e

TevlaDe la vei ' a TeiDakala TaR SDa.axx Da aM BaDakU.DSv iUMU a tSMsakala /μçè

T vDave l .. .UvU lattSiaUMe l . kUMDaMeMDe Levak MU Me. iekU.U'

–.% seMDe k Si .e le.. TevUMUiTUv − e –.% seMDe k Si .e le..%UalaU− iUMU .e

L . DDae tSMsaMe TaR aLTUvD MDa le.. BaDe' e aMiaeLe .. –.% seMDe k Si .e la

LStt svasa − k Si MU a. L ssaUv MSLevU la Dv DD LeMDa Mea BasMeDa /αçè

TvUDexaUMe le.. BaDe d MkUv TaR lattaka.e Me. kUMDvU..U le..e L . DDae MkUv TUkU

kUMUikaSDe' veiTUMi ca.a le..e TevlaDe la TvUlSxaUMe' le.. LUvDe le..e BaDa e la SM seMev .e

leTevaLeMDU le.. BaDe' khe iD kULTvULeDDeMlU sv BeLeMDe . TvUlSDDaBaD- lea BasMeDa aM DSDDU

a. LUMlUè a. k iU le..e L . DDae le. .esMU le.. BaDe – i− khe iD MMU laBeMD MlU SM ievaU

TvUc.eL aM BaDakU.DSv è e L . DDae le. .esMU iUMU iD De kUMUikaSDe e ceM leikvaDDe aM

.eDDev DSv Tev .e kU.DSve vcUvee' L . .UvU DDS .e lattSiaUMe e .% SLeMDU le.. sv BaD- aM DSDDU

a. LUMlU /α=' αµç iUMU TvUc ca.LeMDe . kUMiesSeMx lea k Lca LeMDa k.aL Daka e

aMlScca LeMDe .es De ..e Tv DakheLUlevMe le.. BaDakU.DSv aMDeMiaB /αμçè e i kU.TaikUMU

a. DvUMkU TvaMkaT .e e a kUvlUMa le.. BaDe e ia TveieMD MU kULe SM kULT.eiiU la B vae L . DDae

k Si De l T DUseMa iiUka Da iaMDULa iTekataka' kULe a l MMa k Si Da l .. iekvexaUMe la

' .ùeSDaTaUia k Si D l T DUseMa tSMsaMa e a. Taele MevU'

L . DDa k Si D l iTekae e è v .e i' . tUvL TaR kULSMe e

l MMUi aM SvUT d a. kULT.eiiU le..ùeik iiUka DU T DUseMa tSMsaMa B ikU. va' seMDa

k MkevUseMa e seMDa la leTevaLeMDU e . .UvU aMDev xaUMeè M ESeiDU ES lvU kULT.eiiU' SM

iTeDDU kvSka .e Tev .U iBa.STTU le..e i d .%aMDev xaUMe Dv ESea laBevia T DUseMa –kULTvei

.%aMDev xaUMe lea .UvU t DDUva la T DUseMakaD-− e .U iD DU taiaU.UsakU le.. Ta MD /θ+çè

. saUvMU l%Ussa' . TvUDexaUMe le.. BaDe d ieLTve TaR UvaeMD D aMkUv ssa ve .U iBa.STTU la

TTvUkka iUiDeMaca.a e aMMUB DaBa c iiU aLT DDU Tev kUMDvU.. ve aM T vDakU. ve a T DUseMa tSMsaMaè

TvUc.eLa .es Da ..%aLT DDU LcaeMD .e e .. DUiiakU.Usa lea Bekkha tSMsakala khaLaka iaMDeDaka

e . kveikeMDe lUL Ml la TvUlUDDa TvaBa la veialSa' h MMU aMkUv ssa DU . vakevk la MSUBa

iDvSLeMDa Tev . TvUDexaUMe le..e kU.DSveè e xaeMle svUkhaLakhe iD MMU iBa.STT MlU MSUBe
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tUvLS. xaUMa c i De iS iUiD Mxe caU DDaBe kUM SM LaMUve aLT DDU iS.. i .SDe SL M e

iS..% LcaeMDe e SM MSUBU Lekk MaiLU la xaUMe Tev valSvve .% .. vL MDe SLeMDU la keTTa

tSMsaMa veiaiDeMDa a tSMsakalaè MU.Dve' . vakevk la .DevM DaBe a tSMsakala Uvs Maka iaMDeDaka d

ieLTve TaR UvaeMD D ..U iDSlaU e ..% TT.ak xaUMe la TvaMkaTa DDaBa c i Da iS LakvUvs MaiLa e

QcUD Mak .i8 /αçè

e kUMUikeMxe iS..% DDaBaD- caU.Usak la MSLevUia QcUD Mak .i8 iUMU MUDeBU.LeMDe SLeMD De

Mes.a S.DaLa lekeMMa e .e vakevkhe iS..% TT.ak xaUMe la D .a iUiD Mxe taMa taDUi MaD va iUMU aM

SLeMDUè aike.e la iUiD Mxe M DSv .a TvUBeMaeMDa l B vae T vDa la Ta MDe' TvaMkaT .LeMDe ieLa'

L Mkhe tvSDD e laBevia DeiiSDa' iUMU kULSMeLeMDe vakUMUikaSDe kULe QcUD Mak .i8' Dv .e

ES .a s.a U.a eiieMxa .a BeseD .a iUMU TvUtUMl LeMDe iDSla Daè aBevia iTeDDa kvaDaka iD MMU MkUv

.aLaD MlU .% TT.ak xaUMe la QcUD Mak .i8 aM iDv Desae la TvUDexaUMe le..e Ta MDe iS . vs ik . '

ESaMla iUMU Mekeii va S.DevaUva iDSla e tUvLS. xaUMa aMMUB DaBe Tev Las.aUv ve .%ettakaeMx Me.

kUMDvU.. ve a T DUseMa e valSvve .% .DU kUiDU lea TvUlUDDa kULLevka .aè

M ESeiDU kUMDeiDU' a. v Le d .%e.eLeMDU TaR MDakU e TaR kULSMe Si DU Tev kUMDvU.. ve .

TevUMUiTUv aM BaDakU.DSv è .Dve . iSU etteDDU laveDDU iS. T DUseMU' a. L ssaUve .aBe..U la

aMlak DUva la latei le..e Ta MDe kULe TevUiial ia' teMU.a' veiBev DvU.U e MDUka Ma iUMU iD Da

laLUiDv Da iS Ta MDe la BaDe Dv DD De kUM kULTUiDa c ie la v Le– −è ssasaUvMU' a. v Le vaL Me

a. tSMsakal TaR ettakaeMDe Me.. BaDakU.DSv caU.Usak eiieMlU SM kULTUiDU MUM iaMDeDakU kUM SM

LTaU iTeDDvU la DDaBaD-è % .Dv T vDe' .%SiU .SMsU DevLaMe d veiTUMi ca.e le..% LTaU

kkSLS.U la v Le LeD ..U Mes.a ekUiaiDeLa svakU.a khe iD k Si MlU sv Ba TvUc.eLa LcaeMD .aè

a kUMiesSeMx ' . MUvL DaB eSvUTe .aLaD .%SiU le. v Le SM L iiaLU la J Ps la S h @±

..% MMU U SM L iiaLU la α+ Ps la S h @± Tev Y MMa /³θçè

ev ES MDU vasS vl a. kUMDvU..U iUiDeMaca.e le..e i' Me. kUviU les.a MMa SM B iD s LL la

DDaBaD- la vakevk d iD D TvULUii .aBe..U aMDevM xaUM .e' TvUlSkeMlU SM kULTveMiaUMe TaR

TvUtUMl le..e L . DDae' le.. .UvU exaU.Usa ' caU.Usa ' eTaleLaU.Usa ' L vaL MsUMU MkUv

LU.De ESeiDaUMa TevDe iS.. seiDaUMe le.. L . DDa /θαçè SeiDU d .es DU laBevia iTeDDa kvaDaka'

kULe SM kULTveMiaUMe MkUv MUM le. DSDDU kha v les.a seMDa k Si .a' U.Dve .. kUMUikeMx

MkUv aMkULT.eD lea Lekk MaiLa la eiTveiiaUMe lea iaMDULa' iTeka .LeMDe Me.. TaR sv Be

L . DDa le..e tUs.ae Dasv De – −è

M TvaLU iTeDDU kvaDakU d .es DU .. L Mk Mx la TvUlUDDa kUM c ii DUiiakaD- L SM cSUM

ettak ka Tev a. kUMDvU..U la ESeiDe L . DDaeè % vieMaDU la iUlaU ev kUMialev DU .%SMakU seMDe

khaLakU ettak ke iS –[eik [−' seMlU Tev a. iSU kkSLS.U Mea DeiiSDa Dv DD Da /θθçè l UsMa

LUlU' k Si le.. iS e.eB D DUiiakaD-' .% vieMaDU la iUlaU MUM d TaR kUMieMDaDU aM BaDakU.DSv

/θYçè M TvULeDDeMDe @ iecceMe c ii @ valSxaUMe le..%aMkaleMx le.. L . DDa d iD D UDDeMSD
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vekeMDeLeMDe aM TvUBe iS. k LTU kUM tUvLS. Da la v Le khe TUDveccevU T vxa .LeMDe

TeMeDv ve Me. .esMU /θJç' TvUc ca.LeMDe kULTvULeDDeMlU . kveikaD e a. LeD cU.aiLU lea

T DUseMa tSMsaMa kUaMBU.Daè SeiD ikUTevD h TevDU SM MSUBU k LTU la vakevk

iS..% TT.ak xaUMe lea TvUlUDDa TeMeDv MDa le. .esMU' TaSDDUiDU khe iS ESe..a iaiDeLaka' TUakhg

taMUv .%SMakU TvUlUDDU iaiDeLakU khe h l DU SM kevD ettak ka kUiD MDe e TvU.SMs D Me..

valSxaUMe le..%aMkaleMx la d a. tUieDa. ..SLaMaU' SM tSMsakal Si DU Tev kUMDvU.. ve V

' . kSa DDaBaD- TT vaB .es D .. iS k T kaD- la DDaB ve vaiTUiDe la latei /θ=çè

M iekUMlU iTeDDU kvaDakU d .es DU .. TvUDexaUMe aMettak ke le..e tevaDe l TUD DSv ' SM

aLTUvD MDe TSMDU la TeMeDv xaUMe Tev DSDDa s.a seMDa tSMsaMa le. .esMUè TvUlUDDa laiTUMaca.a aM

kULLevkaU ia iUMU vaBe. Da ettak ka /θµç' L MUM aM sv lU la s v MDave SM TvUDexaUMe

TeviaiDeMDe vaiTeDDU .. TvU.SMs D iSikeDDaca.aD- le..e tevaDe l TUD DSv /θμçè D .e ikUTU' d

iD D iDSla D .% TT.ak xaUMe la seMDa la caUkUMDvU..U c i Da iS iTekae la iTTè

vaiS.D Da UDDeMSDa aM laBevia MMa la eiTevaLeMDa h MMU vaBe. DU .kSMa etteDDa TUiaDaBa iSa iaMDULa

la TUakhg .% seMDe la caUkUMDvU..U kU.UMaxx . tevaD ' kUMieMDeMlU SM%aMDev xaUMe

TvU.SMs D kUM . Ta MD /Y+çè

M DevxU iTeDDU kvaDakU' vaiTeDDU ..e lattakU.D- Me. kUMDvU..U la ESeiDe L . DDae le. .esMU' e aM

T vDakU. ve la ' d khe a T DUseMa iUMU .Uk .axx Da Me. DeiiSDU .esMUiU' L .e k Sie

le..%eiTveiiaUMe lea iaMDULa Me..e tUs.ae iUMU .es De .. ve xaUMe la latei DDaB D .aBe..U

tUs.a ve l .. TvUlSxaUMe le..e taDUDUiiaMe Me. .esMU' TUa Dv i.Uk De DDv BeviU a. DeiiSDU

B ikU. ve' iUDDU .%aMt.SeMx la .Dva kUt DDUva LcaeMD .a MUM ceM leDevLaM Daè ESeiDU

TvUTUiaDU' .kSMa vaiS.D Da TUiaDaBa iUMU iD Da UDDeMSDa kUM TT.ak xaUMa la MSDvaeMDa tUs.a va' . kSa

ettak ka TUDvecce eiieve tUvDeLeMDe UDDaLaxx D l SM Las.aUve laiDvacSxaUMe e TeMeDv xaUMe

le. TvUlUDDU /Y±çè M ESeiD lavexaUMe' SM svSTTU la vakevk le..% MaBeviaD- la UaDaevi – v Mka −

h vekeMDeLeMDe iDSla DU lSe DaTa la kULTUiDa kUM LUl .aD- l% xaUMe latteveMDa e

kULT.eLeMD vaè M TvaLU iDSlaU d iD DU kUMlUDDU SDa.axx MlULU.ekU.e eiaiDeMDa LUlatak De Tev

UDDeMeve TvUlUDDa aM sv lU la LSUBevia' lUTU SM% TT.ak xaUMe tUs.a ve' Me. DvUMkU le.. BaDe aM

kSa iUMU .Uk .axx Da s.a seMDa T DUseMaè M iekUMlU iDSlaU h iiUka DU ESeiDe iUiD Mxe LUca.a

LU.ekU.e aM sv lU la iDaLU. ve .e lateie le..e Ta MDe /Y³çè

TveieMDe vakevk M ike l ..e TvUiTeDDaBe TevDe l TvekeleMDa TT.ak xaUMa la kvaiD ..a

aMUvs Maka c i Da kUiDaDSaDa l SM t ie iTekatak le. tUit DU la k .kaU caULaLeDakU' .%alvUiia T DaDe

– −' khe d iD D LTa LeMDe iDSla D e TT.ak D aM LU.Da k LTa /=±' =³' =αçè

S.. c ie le..e TT.ak xaUMa la iSkkeiiU le..ù eiesSaDe aM k LTU caULelakU' D .e L Deva .e

aMMUB DaBU TSG TUDeMxa .LeMDe save kULe SM iaiDeL la va. ikaU la iUiD Mxe DDaBe' aMk.Sia aUMa

LeD ..aka' kULe v Le e kULTUiDa Uvs Makaè M le..e TvaMkaT .a aMl saMa d iD D iBU.D aM
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LelakaM ' Tev iUiDaDSave . kheLaUDev Ta Me. Dv DD LeMDU la SM DSLUve UiieU' sv xae ..

tSMxaUM .axx xaUMe la kUM SM LU.ekU. MDaDSLUv .e /=θ' =Yç' LeMDve SM iekUMl

TT.ak xaUMe ettak ke d iD D UDDeMSD DDv BeviU .U iBa.STTU la SM leMDatvakaU c i DU iS..U iDeiiU

L Deva .e' tSMxaUM .axx DU kUM aUMa la xaMkU' . taMe la iUiDaDSave t.SUvU' ' caUiialU la DaD MaU e

T v ceMa /=Jçè

M ESeiDU ES lvU' . vakevk h .U ikUTU la B .SD ve' DDv BeviU SM TTvUkkaU LS.DalaikaT.aM ve'

.U iBa.STTU e .% TT.ak xaUMe le..% Tev Las.aUv ve .% DDaBaD- caU.Usak le..e iUiD Mxe DDaBe Tev a.

kUMDvU..U le..e L . DDae tSMsaMe aM V è

SeiDU UcaeDDaBU vaiTUMle UcaeDDaBa kvSka .aô –a− . valSxaUMe aM LUlU iasMatak DaBU . ES MDaD- la

tSMsakala khaLaka MUvL .LeMDe SDa.axx Da Tev . TvUDexaUMe le.. BaDe' –aa− .%UDDaLaxx xaUMe le..

laiDvacSxaUMe le. TvaMkaTaU DDaBU' . TeMeDv xaUMe e . TeviaiDeMx ..%aMDevMU lea DeiiSDa BeseD .a'

–aaa− . TUDeMxa .e TT.ak xaUMe Me. kUMDvU..U lea T DUseMa Mkhe Me..e L . DDae B ikU. va e

kULT.eiieè

e DDaBaD- iTevaLeMD .a el a ve. DaBa vaiS.D Da iUMU TveieMD Da e laikSiia aM c ie ..e iesSeMDa

xaUMaô –a− k v DDevaxx xaUMe e iD ca.aD- le..% tSMxaUM .axx D kUM kULTUiDa la v Le– −' TT.ak Da

a DeiiSDa tUs.a va la V ikUTU taDUi MaD vaUq –aa− B .SD xaUMe e le..% DDaBaD-

caU.Usak le..% tSMxaUM .axx D kUM kULTUiDa la v Le– − iS. kUMDvU..U lea T DUseMa tSMsaMa le..

BaDeq –aaa− B .SD xaUMe le.. laiDvacSxaUMe e le..%ettakaeMx le..% tSMxaUM .axx D kUM lSe

kULTUiDa la v Le– − aM DeiiSDa .esMUia la BaDe kU.UMaxx Da l SM T DUseMU tSMsaMU B ikU. ve e

k v DDevaxx xaUMe le..e vaiTUiDe la latei DDaB De l .. Ta MD è
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³è� a iiSMDa lea k TaDU.a

³è±è� TaDU.U ± & v DDevaxx xaUMe e iD ca.aD- le..ùalvUiia T DaDe tSMxaUM .axx D kUM kULTUiDa

le. v Le– − e TT.ak D DeiiSDa tUs.a va la è Tev . TvUDexaUMe le.. Ta MD è

vDakU.U ikaeMDatakU TScc.ak DU iS eiD M seLeMD kaeMke

DDaiDUM è' .B Daka è è' B kkha è' DDa è' a vkU è Ml SsM a è –³+±µ−è SMkDaUM .ai DaUM Ut M MU@

iDvSkDSvel h(lvUZ( T DaDe HaDh kUTTev– − kULTUSMli i TeiDakaleô Ml UcievB DaUMi Ut Dve Del

è .e Beiè

e. kUviU les.a MMa' . vakevk iS..e M MUDekMU.Usae h TUvD DU ..U iBa.STTU la L Deva .a

aMDe..aseMDa vaBU.SxaUM va aM LU.Da k LTaè M svakU.DSv ' .% TTvUkkaU M MUDekMU.UsakU BaeMe iTeiiU

TT.ak DU Tev Las.aUv ve . TvUlSDDaBaD- le..e Ta MDe' . ES .aD- le..e kU.DSve e . seiDaUMe le..e

L . DDae' DDv BeviU L Deva .a la laLeMiaUMa M MUè M T vDakU. ve' .U iBa.STTU la iaiDeLa va. ikaU

.eMDU Tev TeiDakala Tve MSUBe TvUiTeDDaBe Tev valSvve . ES MDaD- la TvaMkaTaU DDaBU TT.ak DU

Tev . TvUDexaUMe le..e Ta MDe e . kUMDvU..U le..e L . DDaeè UMialev MlU .%eBeMDS .e

taDUDUiiakaD- la D .a L Deva .a aMMUB DaBa' khe vaL Me MkUv TUkU kha vU aM .eDDev DSv ' a. TveieMDe

iDSlaU kUMialev SM L Deva .e aMDe..aseMDe caUkULT Daca.e Tev . TvUDexaUMe le..e Ta MDeè M

ESeiDU k iU d iD D kUMialev D SM alvUiia T DaDe iaMDeDak caULaLeDak – −' iDSla D Tev .

iS T vDakU. ve caU DDaBaD-è iD D ei LaM D .% ssves xaUMe Dv .e M MUT vDake..e la e ES DDvU

kULTUiDa la v Le– −' TT.ak Da Me..e tUs.ae la è kULe TeiDakal è aBevie

tUvLS. xaUMa iUMU iD De k v DDevaxx De Tev leDevLaM ve .e tUvLe e .e laLeMiaUMa les.a ssves Da

Lela MDe ' e LakvUikUTa e.eDDvUMak è e iDeiie tUvLS. xaUMa iUMU iD De TT.ak De

Tev Bevatak ve .% ssves xaUMe le..e T vDake..e e .%ettakaeMx Me.. TvUDexaUMe le.. Ta MD

kUMDvU a. T DUseMU tSMsaMU è % M .aia v ssa h LUiDv DU SM laBevi

aMDev xaUMe Dv e a kULTUiDa la v Le– −' TUiiaca.LeMDe c i DU iS.. iU.Sca.aD- e a. T le..e

laBevie tUvLS. xaUMaè % M .aia h LUiDv DU SM laiDvacSxaUMe sv MS. ve khe B va

s.Uc .LeMDe tSUva l .. s LL lea M MULeDvaè .DevaUva UiievB xaUMa Lela MDe LakvUikUTa

el h MMU LUiDv DU' aM DSDDe .e tUvLS. xaUMa' svUiia ssves Da T vxa .LeMDe

M MUiDvSDDSv Da' khe iUMU iD Da vakUMUikaSDa kULe ssves Da e MUM kULe k.SiDev' e ESaMla iD ca.a

Me.. .UvU laLeMiaUMe LakvULeDvak è e T vDake..e va.eB De' c ie la k .kaU' tUitUvU e v Le' MUM

h MMU LUiDv DU .kSM etteDDU taDUDUiiakU lUTU . .UvU TT.ak xaUMe è tUvLS. xaUMe

e i .e iU.Sca.e la v Le– − h LUiDv DU vaiS.D Da TvULeDDeMDa Me. kUMDvU..U le. T DUseMU'

kUMtevL MlU a. vSU.U TUDeMxa .e le..% Me. va. ikaU aMMUB DaBU la aUMa S– −è . TveieMDe . BUvU

aMlak . TUiiaca.aD- la Las.aUv ve .% DDaBaD- caU.Usak la SM iUiD Mx caU DDaB LUlatak MlU . iS

iDvSDDSv DDv BeviU SM tUvLS. xaUMe iTekatak e ve .axx ca.e kUM SM L Deva .e caUkULT Daca.eè
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³è³è� TaDU.U ³ & .SD xaUMe e le..ù DDaBaD- caU.Usak le..ùalvUiia T DaDe

tSMxaUM .axx D kUM kULTUiDa le. v Le– − Tev a. kUMDvU..U la T DUseMa tSMsaMa le.. BaDeè

vDakU.U ikaeMDatakU iUDDULeiiU h(DUT DhU.Us(

DDaiDUM è' MDUMae..a è' a vkU è' UMD aMe è Ml SsM a è –³+±µ−è MMUB DaBe le.aBev( Ut kUTTev– − aUMi c(

M MU@iDvSkDSvel h(lvUZ( T DaDeô TUDeMDa . TT.ak DaUM DU eMh Mke Dhe iSiD aM c.e kUMDvU. Ut

è

BaDe – è− d SM le..e kU.DSve l tvSDDU khe vakhaele a. L iiaLU aLT DDU tSMsakal

Tev a. kUMDvU..U le..e L . DDaeè d TvUc ca.LeMDe . TaR sv Be L . DDa le..

BaDe aM sv lU la k Si ve TevlaDe la vei kUMiaiDeMDaè e. kUviU les.a MMa' iUMU iD Da iBa.STT Da

MSLevUia TvaMkaTa DDaBa Tev kUMDvU.. ve a. TUDeMxa .e l MMU .. L . DDa è %SiU iaiDeL DakU la

tSMsakala Uvs Maka h aMlUDDU . kULT vi la keTTa veiaiDeMDa la V è U.U SM vesaLe la

Dv DD LeMDU c ie la v Le .U eBaD ' sv xae .. LUl .aD- l% xaUMe MUM iTekatak lea tSMsakala

kUMDeMeMDa v Leè e.. BaDakU.DSv caU.Usak ' . TvUDexaUMe kUMDvU . TevUMUiTUv d

eiieMxa .LeMDe iiakSv D l ..%SiU la tSMsakala v Leaka' a. kSa SiU aM svakU.DSv lUBvecce eiieve

S.DevaUvLeMDe .aLaD DU l a T eia eSvUTea' k Si le. iSU TvUta.U ekUDUiiakU.UsakU e taDUDUiiakU

kvaDakUè vakevk iS..e tUvLe aMMUB DaBe la v Le e .%UDDaLaxx xaUMe le.. laiDvacSxaUMe e le..

TeviaiDeMx lea TeiDakala c ie la v Le d vaiS.D DU .% TTvUkkaU TaR TvULeDDeMDe Tev a. kUMDvU..U

le.. TevUMUiTUv è TveieMDe vakevk iDSla .e TvUTvaeD- la va. ikaU le..%alvUiia T DaDe iaMDeDak

caULaLeDak – − Tev Las.aUv ve .% DDaBaD- caU.Usak les.a aUMa S– −è ESeiDU ikUTU' ES DDvU

kULTUiDa la v Le– − – S (' S ' S ( Z e S Z .− iUMU iD Da tUvLS. Da kUM .%aMMUB DaBU

kULTUMeMDe e TT.ak Da aM SM DeiD Tve.aLaM ve MDatSMsaMU kUMDvU '

T DUseMU le.. BaDe l DDU Tev a DeiD la DDaBaD- ' e aMtaMe Mea i ssa la ettak ka

kUMDvU V aM ievv è vaiS.D Da h MMU eBaleMxa DU SM laBeviU sv lU la aMacaxaUMe Tev

ka ikSM kULTUiDU la S– − aM c ie .. .UvU lUie TT.ak D e aMlak MlU Mkhe a. vSU.U la va. ikaU

TUDeMxa .LeMDe saUk DU l ..% ' iTeka .LeMDe iSa i .a la v Le aMiU.Sca.aè M kUMlaxaUMa la ievv '

iUMU iD Da UDDeMSDa S.DevaUva vaiS.D Da iS..% DDaBaD- caU.Usak le..e tUvLS. xaUMa TT.ak De' aM

T vDakU. ve iS..%ettak ka le..e TevkeMDS .a B va ca.a la Me..e tUvLS. xaUMa' iS..%aMt.SeMx le..

B va xaUMe la lUi ssaU le.. tUvLS. xaUMe e iS..%ettak ka e . TeviaiDeMx le. Dv DD LeMDU iUDDU

etteDDU le. . B ssaU l TaUssa è

M kUMk.SiaUMe' a. TveieMDe iDSlaU h vaBe. DU vaiS.D Da TvULeDDeMDa iS.. tUvLS. xaUMe c i D

iS..e T vDake..e la e iS. i .e la v Le iU.Sca.e – S (−' khe ia iUMU vaBe. Da eiDveL LeMDe

ettak ka Me. valSvve ia . sv BaD- le.. L . DDa khe .%aMkaleMx aM DSDDe .e kUMlaxaUMa iTevaLeMD .a'

iSsseveMlU Me. tv DDeLTU SMU iDSlaU TaR TvUtUMlU la LUle..a tSMxaUM .a e le. TvUkeiiU la kU@

tUvLS. xaUMe iSa kULTUiDa la S– − aMiU.Sca.aè
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³èαè� TaDU.U α & aiDvacSxaUMe el ettak ka le..ùalvUiia T DaDe tSMxaUM .axx D kUM lSe kULTUiDa

le. v Le– −' Mea DeiiSDa .esMUia le.. BaDe kU.UMaxx Da l SM T DUseMU tSMsaMU B ikU. ve e

k v DDevaxx xaUMe le..e vaiTUiDe la latei DDaB De l .. Ta MD è

vDakU.U ikaeMDatakU aM TveT v xaUMe Tev eiDakale aUkheLaiDv( Ml h(iaU.Us(

DDaiDUM è' ULT MD è' MDUMae..a è' aLUMa è' a vkU è' SsM a è Ml UMD aMe è –³+±µ−è kDaBaD(

Ut kUTTev– − c iel tUvLS. DaUMi DU kUMDvU. Dhe kU.UMai DaUM Ut Dhe eik @ iiUka Del tSMsSi

è

e L . DDae le. .esMU le.. BaDe – i− iD MMU laBeMD MlU SM LaM kka ieva e kveikeMDe Mea

BasMeDa la DSDDU a. LUMlUè MekeiiaD- la iDv Desae la TvUDexaUMe aMMUB DaBe TeviaiDe TUakhg a

TeiDakala TT.ak Da Tev kUMDvU.. ve .kSMe i iUMU iD Da c MlaDa e taMUv MUM iUMU iD Da

iBa.STT Da Dv DD LeMDa ettak kaè M ESeiDU kUMDeiDU' .% TT.ak xaUMe la LeDUla la QaL saMs8' sa-

TT.ak Da Tev iDSla ve .e aMDev xaUMa Ta MD @LakvUcU' TUDvecce v TTveieMD ve SMU iDvSLeMDU

kvSka .e Tev kULTveMleve .%etteDDU lea Dv DD LeMDa iTevaLeMD .a iSa T DUseMa kUvve. Da ..e

Mea DeiiSDa kU.UMaxx Daè e.. TveieMDe aMl saMe iUMU iD Da kUMialev Da lSe kULTUiDa la v Le– −'

va. ika Da l ssves Da la alvUiia T DaDe aMUvs Mak caULaLeDak ' e TT.ak Da Tev TvUDesseve a.

L Deva .e la TvUT s xaUMe l . T DUseMU ' SM seMDe T DUseMU

iiUka DU ..e iè Dv DD LeMDa iUMU iD Da TT.ak Da lSv MDe a. TvUkeiiU la vealv D xaUMe lea

TUvDaMMeiDa – Z kBè Y − e L vxe – ' kBè h vlUMM (−è

UTU . tUvx DSv ' .e BaDa aMMeiD De BeMaB MU kU.DaB De aM ievv è e BaDa iUMU iD De aMUkS. De kUM

SM D TTU la s v kUMDeMeMDe a. T DUseMU –stT= Dv itUvL DU U MUM Dv itUvL DU− Tv Dak MlU SM

tUvU Me. TUvD aMMeiDUè SaMlaka ieDDaL Me lUTU .%aMUkS.U' a DeiiSDa .esMUia le..e Ta MDe iDevv De

iUMU iD Da UiievB Da SDa.axx MlU SM LakvUikUTa ik MiaUMe . iev kUMtUk .e – −è UTU .e

UiievB xaUMa' a. v Le d iD DU ES MDatak DU Me..U iDeiiU L Deva .e BeseD .e kUM .U iDvSLeMDU @

è MtaMe' .e vaiTUiDe la latei le.. BaDe iUMU iD De iDSla De Me..e tUs.ae Dv DD De le..e iDeiie

Ta MDe' M .axx MlU .%eiTveiiaUMe lea seMa kUMMeiia ..e iè vaiS.D Da h MMU LUiDv DU .

kUvve. xaUMe Dv . kU.UMaxx xaUMe le. T DUseMU –aLL saMa − e . laiDvacSxaUMe e .

TeviaiDeMx le. v Le– − –l Da @ − Me. DeLTU e aM laBevia DeiiSDaè MU.Dve' ESeiDa T v LeDva

iUMU vaiS.D Da .D LeMDe B va ca.a' kUM kUMiesSeMxe iS.. kU.UMaxx xaUMe le. T DUseMUè ..U

iDeiiU DeLTU' .% M .aia Dv ikvaDDULak h vaBe. DU a. vSU.U TUDeMxa .e le..e tUvLS. xaUMa

aMMUB DaBe Me..U iDaLU. ve .e vaiTUiDe la latei le.. Ta MD è M kUMk.SiaUMe' Me. ES lvU

iTevaLeMD .e le.. TvUB ' . vakevk h eBaleMxa DU .%aLTUvD Mx le.. kUvve. xaUMe Dv .

laiDvacSxaUMe e TeviaiDeMx le.. iUiD Mx TT.ak D e le. iSU TUDeMxa .e lST.ake vSU.U caU.UsakU'

kULe tSMsakal e caUiDaLU. MDe le.. Ta MD è
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αè� UMk.SiaUMa e TvUiTeDDaBe

TvUDexaUMe le..e Ta MDe d ieLTve TaR UvaeMD D aMkUv ssa ve .U iBa.STTU iUiDeMaca.e e

TTvUkka aMMUB DaBa c iiU aLT DDUè SeiDU d MkUv TaR lattaka.e Me. kUMDvU..U la L . DDae

MkUv TUkU kUMUikaSDe aM sv lU la aMt.SeMx ve sv BeLeMDe . vei le. v kkU.DUè a. k iU le..e

L . DDae le. .esMU le.. BaDe – i− khe iD MMU laBeMD MlU SM TvUc.eL ievaU aM BaDakU.DSv

– UMle..U V' ³+±µ−è

M ESeiDU kUMDeiDU' . TveieMDe vakevk d iD D iBa.STT D kULe iDSlaU LS.DalaikaT.aM ve BU.DU

vaiTUMleve UcaeDDaBa kvSka .aô . MUDeBU.e valSxaUMe le.. ES MDaD- la iUiD Mxe DDaBe

MUvL .LeMDe aLTaes De iS.. TvUDexaUMe le.. BaDe' .%UDDaLaxx xaUMe le..% DDaBaD- caU.Usak le..e

iDeiie iUiD Mxe' Mkhe Me. kUMDvU..U T DUseMa B ikU. va kUvve. Da L . DDae kULT.eiieè

vakevk h TUvD DU laBevia vaiS.D Da TvULeDDeMDa' khe iSTTUvD MU . TUDeMxa .e TT.ak xaUMe la

SM iTekatak alvUiia T DaDe – − Me.. TvUDexaUMe le..e Ta MDe Tev Las.aUv ve .%ettakaeMx lea

kULTUiDa la v Le– −' Me.. TvUiTeDDaB la SM TTvUkkaU aMMUB DaBU e iUiDeMaca.e Tev a. kUMDvU..U

le..e L . DDae tSMsaMe aM è

%alvUiia T DaDe tSMxaUM .axx D kUM kULTUiDa la v Le– − d iD D kULT.eD LeMDe k v DDevaxx D

e . iD ca.aD- caU.Usak d iD D iD ca.aD Tev .%eiekSxaUMe la TT.ak xaUMa iS DeiiSDa tUs.a va la V

ikUTU taDUi MaD vaU – DDaiDUM V' ³+±µ' kkeDD DU−è UMU iD Da va.eB Da . LUvtU.Usa '

. iDvSDDSv e . kULTUiaxaUMe le..% tSMxaUM .axx Da kUM laBevia kULTUiDa la v Le– − e iTvSxx Da

iS tUs.ae la BaDe e' aMtaMe' d iD DU iBa.STT DU SMLUle..U la va. ikaU laBeviU e iTekatakU Tev ka ikSM

i .e la v Le– −ô a LUle..a iUMU c i Da iS..ùe.eB D latteveMx la T Dv a kULTUiDa la v Le– −è

S.. c ie lea vaiS.D Da UDDeMSDa' .% ssves xaUMe LakvULeDvak e . tUvL le..% iUMU iD Da

leikvaDDa aM ve. xaUMe .. iS iD ca.aD- ES MlU tUvLS. D kUM aUMa S– −è M T vDakU. ve ttaMaD-

d iD D eBaleMxa D Tev .e tUvLS. xaUMa c i De iS iU.t DU la v Le TeMD alv DU e iU.t DU la v Le

Dvac iakUè LakvUikUTa e.eDDvUMak iS..e iUiD Mxe e h TevLeiiU la vaBe. ve SM

laBeviU LUle..U la evUs xaUMe Tev a. iU.t DU la v Le TeMD alv DU e a. iU.t DU la v Le Dvac iakU e

. MUM ULU.Us xaUMe lea .UvU ssves Da ..e M MUiDvSDDSveè aG d iD DU kUMtevL DU Mkhe l .

DeiD le.. ievv iS ' aM kSa .% TSv MUM h LUiDv DU .kSM etteDDU DUiiakU

iS.. Ta MD e iS. T DUseMU' LeMDve .e tUvLS. xaUMa c i De iS iU.t DU la v Le TeMD alv DU e

iU.t DU la v Le Dvac iakU h MMU LUiDv DU SM kUMDvU..U T DUseMU TaR e.eB DU' ie kUMtvUMD DU kUa

vaiTeDDaBa kULTUiDa TSva le. v Leè S.. c ie la ESeiDU TvaLU TTvUkkaU' .% DDaBaD- caU.Usak

le..% tSMxaUM .axx D kUM kULTUiDa la v Le– − d iD D S.DevaUvLeMDe iDSla D e '

iS. kUMDvU..U lea T DUseMa tSMsaMa le.. BaDeè vaiS.D Da v kkU.Da B .SD MlU . sv BaD- le.. L . DDa

e .%aMkaleMx iS..e BaDa aM B iU Dv DD De' aMUkS. De kUM V ' h MMU LUiDv DU .%etteDDU kUM
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SM DeMleMx iasMatak DaB LeMDe laBevi Tev ka ikSM kULTUiDU la v Le– −è UMialev MlU ESeiDa

vaiS.D Da TvULeDDeMDa' iUMU iD Da kUMlUDDa iDSla kULT.eLeMD va khe h MMU B .SD DU . iD ca.aD-

lea Dv DD LeMDa ..%etteDDU la . B ssaU le..e TvekaTaD xaUMa' UDDeMeMlU vaiS.D Da TUiaDaBa

iS..%ettak ka e . TeviaiDeMx lea Dv DD LeMDa iTevaLeMD .a vaiTeDDU a tSMsakala kULLevka .aè

laiDvacSxaUMe e .%ettakaeMx le..% tSMxaUM .axx D kUM kULTUiDa la v Le– −' Mea DeiiSDa

.asMatak Da le.. BaDe kU.UMaxx Da l T DUseMa B ikU. va d iD D iDSla D Me. ES lvU la SMU iDSlaU

le..%aMDev xaUMe Ta MD @T DUseMU DDv BeviULeDUla la aL saMs' aM SM eiTevaLeMDU iS. L Deva .e

la TvUT s xaUMeè ESeiDU TvUTUiaDU' .U iDSlaU h vaBe. DU kULe ESeiDa T v LeDva TUii MU

eiieve .D LeMDe B va ca.a' kUM kUMiesSeMxe iS.. kU.UMaxx xaUMe les.a seMDa T DUseMaè l Da

h MMU vaBe. DU SM laBevi kUMkeMDv xaUMe' laiDvacSxaUMe e TeviaiDeMx le. v Le iS.

L Deva .e BeseD .e Dv DD DU M .axx DU lUTU a. Dv DD LeMDU e lUTU . v kkU.D è e latteveMxe iUMU

kUvve. De Mkhe . kULTUiDU la v Le– − TT.ak DU' kUMtevL MlU a LUle..a la va. ikaU

TvekeleMDeLeMDe aTUDaxx Daè M%aMl saMe T v ..e. c i D iS..% M .aia Dv ikvaDDULak h

TevLeiiU la TTvexx ve a. vSU.U TUDeMxa .e la tUvLS. xaUMa aMMUB DaBe c i De iS kULTUiDa e

v Le– − Tev iDaLU. ve .e vaiTUiDe la latei le.. Ta MD è .a Dv DD LeMDa TUDveccevU eiieve

TT.ak Da kULe iDvSLeMDU caUiDaLU. MDe lSv MDe a. TvUkeiiU la tUvx DSv e9U la kveikaD Me.

BaB aUè % DDaBaD- tSMsakal le. v Le TUDvecce kUMDvacSave . kUMDvU..U les.a seMDa T DUseMa

iiUka Da ..e i e ..U iDeiiU DeLTU l .Dva T DUseMa tSMsaMaè MkUv SM BU.D a. v LeLUiDv

a. iSU vSU.U TUDeMxa .e' iUTv DDSDDU Tev . seiDaUMe le.. L . DDa Me..% svakU.DSv caU.Usak ' L

. ESeiDaUMe vasS vl MkUv . iUiDeMaca.aD- le. v Le .SMsU DevLaMeô l SM T vDe' .

kUMiaiDeMDe valSxaUMe le.. ES MDaD- LaMaL TT.ak D i vecce SM TvaL vaiTUiD TUiaDaB ..

lUL Ml L l ..% .Dv T vDe' . TUDeMxa .e caUiDaLU. xaUMe v TTveieMDevecce SM LcasSU

kUiDU eMevseDakU Tev .e Ta MDeè

ev ES MDU vasS vl .e TvUiTeDDaBe TevDe l ..% TT.ak xaUMe le..% Tev TvUDesseve .e Ta MDe'

Bevv MMU tUvLS. De kUMialev xaUMa s.Uc .a iS.. c ie lea vaiS.D Da la TvUBe T v ..e.e aM BasM e

BaB aU' MkUv aM kUviU k Si le.. MekeiiaD- la UiievB ve laBevia kak.a BeseD DaBaè

M kUMk.SiaUMe' kULcaM MlU a vaiS.D Da les.a TTvUkka taiaka' khaLaka' LakvUikUTaka' caU.Usaka e

LU.ekU. va' . vakevk h iDSla DU SM aMDeveii MDe LUlU .DevM DaBU Tev TvUDesseve . BaDe l

lSe L . DDae tSMsaMe va.eB MDaè M T vDakU. ve' iS.. c ie les.a UcaeDDaBa kULSMa' a vaiS.D Da ve. DaBa

..e i iUMU iD Da TveieMD Da e laikSiia Me. ES lvU le..% xaUMe ±α+α iS. [ UMDvU..U

iUiDeMaca.e le..e L . DDae le. .esMU le.. BaDe[' . taMe la Las.aUv ve . kULTveMiaUMe le..e i

kESaieMlU kUMUikeMxe iS aMiUvseMx la seMDa T DUseMa' aMDev xaUMe BaDe@T DUseMU' ekU.Usa

lea LakvUvs MaiLa khe caD MU a. .esMU e iBa.STTU la MSUBa TvUDUkU..a la seiDaUMe e TTvUkka la

caUkUMDvU..Uè
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aDev DSve kaDel
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/±ç ' –³+±=−è D De Ut Dhe BaDaBaMakS.DSve HUv.l

veTUvD' ù vs Mai DaUM MDevM DaUM .e le . asMe eD

lS aM' vaiè

/³ç ULdi ' USDUi@ hgBeMUD ' –³++μ−è U.ekS. v

iTekDi Ut sv TeBaMe@T DhUseMak tSMsa aMDev kDaUMiè

M USce. Pai@ Mse. Pai' –el−' v TeBaMe

U.ekS. v h(iaU.Us( Ml aUDekhMU.Us( ±Yôθ+=&

θ³µè TvaMsev eDhev. Mli' UvlvekhDè

/αç evDUD ' tta ' Uiia ' SsM a ' UttL MM '

v MlU ' v( ' tUMl ' SiU ' haev( '

xxUMa ' MtUv ' –³+±=−è kvaDak . veBaeH Ut

T. MD TvUDekDaUM DUU.i tUv velSkaMs TeiDakale Sie UM

sv TeBaMe Ml MeH TeviTekDaBei tUv Dhe

aLT.eLeMD DaUM Ut aM BaDakS.DSveè vUT

vUDekDaUM μ=ô=+&µθè

/θç a.kUZ ' USc.ev ' (eLUDU ' –³+±Y−è

ULTeMlaSL Ut v Te aie ieiè veii' Dè S.'

' è

/Yç UccaM ' evLaMa ' eii.ev ' –³++=−è Dv Desak

t kDUvi tUv è BaDakU. laie ie kUMDvU.è Mô SvUTe M

LeeDaMs Ut Dhe 9 HUvPaMs svUST

6 MDesv Del vUDekDaUM aM aDakS.DSve7' vi . ' D .('

kDUcev ³Y&³=' ciDv kD UUP' Yθè

/Jç svaUi ' –³++Y−è . MD DhU.Us(è k leLak

veii' M aesU' è

/=ç e viUM ' UheeM ' –±μµµ−è ULTeMlaSL Ut

v Te aie ieiè veii' Dè S.' ' è

/µç S.aD ' tUM ' –±μ=µ−è UHlev( La.leH Ut Dhe

BaMeè sei Y³Y&Yθµ aMô he UHlev( a.leHiè

TeMkev –el−' k leLak veii' eH UvP' è

/μç S..aMi ' USESeD ' a..a Li ' –±μμ³−è

aU.Us( Ut Dhe sv TeBaMeè Lcvalse MaBeviaD(

veii' Lcvalse' eH UvP' è

/±+ç Ubcevs ' –³++μ−è & eaMc Sè

SMleitUvikhSMsiaMiDaDSD t:v S.DSvTt. MxeM MiDaDSD

t:v Dv DesaeM SMl U.seM cikhADxSMs aL t.

MxeMikhSDxè evakhDe Si leL S.aSi :hM@ MiDaDSD'

MiDaDSDe' evL M(è

/±±ç Skk ' LaDh ' aDv( ' –³++μ−è SiD aM c.e

BaDakS.DSve Ml HaMev( Tv kDakei aM .atUvMa ô h D ai

aD' Ml lU kUiDSLevi k ve5 MDevM DaUM . USvM . Ut

aMe eie vkh' TT ±µμ&±μθè

/±³ç UUBev ' U.l@ SvPMeii ' a.DUM ' U..UB '

SvPMeii ' .B M ' eLiD l ' SDkhaiUM '

–³+±±−è v Te sSale tUv aMMeiUD TvUlSkeviè

eT vDLeMD Ut UvDakS.DSve kaeMke' MaBeviaD( Ut

aMMeiUD TT ±&J=è

/±αç FTtev ' SiL MM ' viD ' S. ' (Tva M

' ac kh ' –³+±±−è eH hUvaxUMi tUv sv TeBaMe

cveelaMsè Mô . khUHiP( ' MPe –el−'

eDhUli aM eLTev De vSaD veelaMsè .Uc .

kaeMke UUPi' TT =μ&±++è

/±θç USESeD ' USviaESUD ' –±μμµ−è vUkeelaMsi

Ut Dhe =Dh MDevM DaUM . (LTUiaSL UM v TeBaMe

seMeDaki Ml veelaMs' Sc.aihel c( kD

hUvDakS.DSv e' U.è @ è

/±Yç i.ev ' khevx ' –³+±±−è aHa & eciUvDeM

a.xHaleviD MlitAhase eciUvDeMè Sc.aikhel c(

MDevM DaUM . iiUka DaUM' veacSvs' evL M(è

/±Jç ac kh ' FTtev ' –³+±α−è v TeBaMe cveelaMs

TvUsv Li aM evL M(è MiDaDSDe tUv v TeBaMe

veelaMs ea.Hea.evhUtè UDei SMTSc.aihelè

/±=ç Lakhh Me ' aikhUtt@ kh etev ' .SeLe. '

khcvUlD@ (leh' ' veSZ ' MieM ' aii ' Fh.

' SliP ' . Si ' eiig M ' akUD ' akka '

hacaevse ' a..eMeSBe ' –³+±J−è leMDat(aMs

UciD k.ei Ml v MPaMs kULLUM caU.Usak . kUMDvU.

veie vkh TvaUvaDaei tUv SvUTe DU L M se LUiD

ekUMULak ..( aLTUvD MD TeiDi aM v c.e' BeseD c.e

Ml TeveMMa . kvUTiè eiD M sè kaè

hDDTô99lZèlUaèUvs9±+è±++³9Tièθθ³αè
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/±µç evPe.L MM@ FhMevDx ' .AvMev ' Si '

evvL MM ' .eLLaMs ' eakhev ' khH vx '

t.aehaMsev ' FhMevDx ' –³+±³−è

STtevvelSxaevSMs SMl STteviSciDaDSDaUM aL

eaMc S & xSL D Ml lev aMse Si akhD lev

UvikhSMsè Mô eTUvDi tvUL Dhe S.aSi :hM@ MiDaDSD

& . MD TvUDekDaUM aM Uvs Mak t vLaMs & ±±Dh

UvPihUT aM ev.aM' evL M(' ±JθôJY&=+è

/±μç .e(ev ' iieLe(ev ' v Sie ' aveD '

aestvael ' –³++µ−è 6 aDaLeDeU . iLUT v 7 &

vUsMUieLUle.. xSv eP LTtSMs BUM . iLUT v

BaDakU. – eceMTevUMUiTUv − aL eaMc S eiSMle

t. MxeM J+ôμ±&±++è

/³+ç eii.ev ' evDUD ' ev xxU..a ' –³+±±−è

. iLUT v BaDakU. ô veBaeH Ut PMUH.else UM

lUHM( La.leH Ut sv TeBaMe Ml ettekDaBe laie ie

L M seLeMDè h(DUT DhU.è elaDevvè Y+ôα&θθè

/³±ç eaDetSii ' –³+++−è t. MxeMikhSDxô vSMl. seM

lev Tv PDaikheM h(DULelaxaMè haeLe' DSDDs vDè

/³³ç UcvaiD ' –±μYθ−è ùettak kaDg lei tUMsakalei

Uvs MaESei eM BaDakS.DSveè vUkeelaMsi aMDè

UMsveii UM h(DU@Th vL kU.Usae' ³ôJµ³&Jµµè

/³αç SMlevD ' –±μYJ−è ae evUMUiTUv lev ece

SMl ahve ePALTtSMs aL hve ±μYYè khHeaxevaikhe

eaDikhvatD t:v ciD@ SMl eaMc S JYô±αY&±αμè

/³θç sUiDaM ' khAvev ' evDUD ' LL ' –³+±±−è

ve Dheve .DevM DaBei DU kUTTev tUv kUMDvU..aMs

sv TeBaMe lUHM(La.leH aM Uvs Mak BaDakS.DSve5 vUT

vUDè α+ô==J&=µµè

/³Yç UMD s ' khveacev ' khFMhevv ' –³++J−è M aM

BaDvU iDSl( Ut TvUDekDaBe kDaBaDaei Ut kUTTev

iS.Th De' kUTTev h(lvUZale Ml kUTTev UZale

s aMiD kUMala Ut eMDSva aM eES .aiè

h(DUT DhU.Us( ±Yθôθ=θ&θµ±è

/³Jç aia ' –³++³−è heLak . UMDvU. Ut UHM(

a.leHiè Mô lB Mkei UHM( a.leH eie vkhè

' TeMkev@ ha..aTi' he eDhev. Mli' TT ±±μ&±Yμè

/³=ç vSMeDDU ' aUDDU ' eveDD ' khLaDD '

eaMxeM ' e Uv ei ' MDUM ' aekhev '

ULaM ' avUDDU ' –³+±θ−è Uca.aD( Ut kUTTev Ml

xaMk tv kDaUMi aM tSMsakale@ LeMlel BaMe( vl i Ml(

iUa.iè vkhè svUMè Ua. kaè J+ôJ+μ&J³θè

/³µç cCi ' e..aMa ' MxUDDa ' eBasa.a ' aMei

' aUB MMaMa ' DDela ' eik .khaM ' –³+±=−è

ttak k( Ut velSkel kUTTev lUi sei s aMiD

. iLUT v BaDakU. aM Uvs Mak svakS.DSveè vUT

vUDekDaUM μJô±+α&±+µè

/³μç MxUDDU ' UvvUMa ' –³+±J−è ,Uv

aUkUMDvU. DSlaei Ml e iSvei s aMiD SMs . Ml

UL(keDe DhUseMi Ut v TeBaMeè Mô ULT MD '

DhaeS è –eli−' aUkUMDvU. Ut ,Uv v TeBaMe

aie ieiè ' ZtUvl' ' TT ±&αθè

/α+ç .Devi ' DieT ' Bai ' –³+±α−è

UMDvU..aMs kvUT laie iei SiaMs aMlSkel veiaiD Mkeô

kh ..eMsei tUv Dhe tSDSveè USvM . Ut ZTevaLeMD .

UD M( Jθô±³Jα&±³µ+è

/α±ç evDUD ' SUTU.U ' UiMa ' elvUDDa ' USvl M

' MseM ' –³+±α−è aLaDel aLT kD Ut caUDak iDveii

UM iSvt kDaM TvUlSkDaUM aM T. MD Ml UM laie ie

veiaiD Mke aMlSkel c( ka..Si L(.U.aESet kaeMi

θμμ aM DUL DU Ml ce Mè akvUcaU.Us(

eDDevi µJôY+Y&Y±μè

/α³ç U DDa ' ev xxU..a ' eii.ev ' evDUD ' –³+±α−è

caUDak iDveiiei ttekD vakhUlevL h vxa MSL αμ@

aMlSkel veiaiD Mke DU lUHM( La.leH aM sv TeBaMeè

h(DUT DhU.Us( ±+αô±³³=&±³αθè

/ααç M Ma ' U DDa ' xx ha ' aUB MMaMa '

eii.ev ' evDUD ' ev xxU..a ' –³+±θ−è

h v kDevax DaUM Ut veiaiD MkeLekh MaiLi kDaB Del

c( vakhUlevL h vxa MSL αμ Ml

ceMxUDha la xU.e DU lUHM( La.leH aM latteveMD

sv TeBaMe kS.DaB viè . MD DhU.Us( Jαôααθ&αθαè

/αθç ' –³+±J−è v TeBaMe vSMP aie ieiè

veBaeHè ù vs Mai DaUM MDevM DaUM .e le . asMe eD

lS aM' vaiè



S 23T S

/αYç UtiDeDDev ' S(kP ' vU.. ' aveD ' US.USZ

' aMlvU ' –³+±³−è h D at eik laie ie Ut

sv TeBaMe Heve MUD tSMs . laie ie5 SMs .

aBeviaD(' θôY±&J=è

/αJç v L ,e ' vLeMsU. ' –³+±±−è SMs . DvSMP

T DhUseMi aM Dhe sv TeBaMe TvUT s DaUM TvUkeiiô

TUDeMDa . aMUkS.SL iUSvkei' leDekDaUM'

aleMDatak DaUM' Ml L M seLeMD iDv Desaeiè . MD

aie ie' μYô±+θ+&±+YYè

/α=ç SsM a ' v MaDa ' SvakU ' –±μμμ−è ik –c. kP

Le i.ei− Ml cvUHM HUUliDve PaMsô DHU U.l Ml

e.SiaBe laie iei Ut sv TeBaMeiè . MDè aiè µαôθ+θ&

θ±µè

/αµç evDikh ' Lrvex@ SevU ' sMaM@ UcevD '

vasMUM' ' hUMs ' cUS@ MiUSv ' UMD aMe '

–³+±α−è v TeBaMe DvSMP laie ieiô kULT.eZ Ml iDa..

TUUv.( SMleviDUUlè . MD DhU.è J³ô³θα&³JYè

/αμç SvakU ' MlaMe..a ' v kkaMa ' a vkU '

vkha ' SsM a ' vvaMa ' –³++θ−è M Dhe t kDUvi

Dh D L ( h Be aMt.SeMkel Dhe eik eTaleLak aM Dhe

eashDaei aM Sik M(è h(DUT DhU.è elaDevvè θαô±αJ&

±θαè

/θ+ç UMD aMe ' aMDU ' ..eD ' .gLeMD ' ULei

' T sMU.U ' –³+±J−è he ettekDi Ut sv TeBaMe

DvSMP laie iei – i− UM BaMe Th(iaU.Us(è Svè è

. MD DhU.è ±θθô=+=&=³±è

/θ±ç vSMU ' T v T MU ' –³++=−è ttekDi Ut Dhvee

eik @ iiUka Del tSMsa UM aDai BaMatev èô h Msei aM

Dhe kheLak . Ml caU.Usak . TvUta.e Ut Z(.eL i T tvUL

laie iel kBè MsaUBeie BaMeiè h(iaU.Usak . Ml

U.ekS. v . MD DhU.Us( =±ô³±+&³³μè

/θ³ç r x ' DUvve ' –³+±α−è ttak k( Ut T iDe

Ml .aESal tSMsakale tUvLS. DaUMi DU TvUDekD TvSMaMs

HUSMli s aMiD T DhUseMi iiUka Del HaDh

sv TeBaMe DvSMP laie iei aM ha.eè vUT vUDekDaUM'

θJô±+J&±±³è

/θαç SvakU ' –³+±+−è veieMD xaUMe vUseDDU

ei aDè via –el−' esaUMe Uik M ' D .(è

/θθç a vkU ' iDa ' .x v MU ' UcevDa '

evUMeia ' L .taD MU ' –³+±±−è ttekDi Ut

sv TeBaMe TT.ak DaUMi Ut tUieD(.@ .SLaMaSL

tUvLS. DaUMi tUv lUHM( La.leH kUMDvU. UM 6eik 7

Ml iiUka Del tSMsaè h(DUT DhU.Usa elaDevv Me

Y+ô³µY&³μμè

/θYç akhe.UM ' e..esvaMa ' –³++=−è . . le..ù ik

le.. BaDeè te vUT eMDve –el−' D .(è

/θJç a vkU ' iDa ' SsM a ' –³+±±−è aviD

iDSlaei UM Dhe TUDeMDa . Ut kUTTev tUvLS. DaUM tUv

Dhe kUMDvU. Ut .e t iDvaTe laie ie HaDhaM eik kULT.eZ

aM sv TeBaMeè h(DUT DhU.Usa elaDevv Me '

Y+ô α++< α+μè

/θ=ç SvakU ' –³++J−è .UDD kUMDvU a. L . le..ùeik ô

MkUv cSaU L kUM ES .khe TvULeDDeMDe ikha vaD è

MtUvL DUve aDUT DU.UsakU' θô±µ&³Yè

/θµç iTevi ' –³++±−è ttekD Ut tSMsakalei' aM BaDvU'

UM sevLaM DaUM Ml svUHDh Ut h eULUMae..

kh. L(lUiTUv è h(DUT DhU.Usa elaDevv Me

θ+ô θYα& θYµè

/θμç evv ' MMUMa ' asaUi ' –³++=−è ve.aLaM v(

iDSlaei UM Dhe iSikeTDaca.aD( Ut TvSMaMs HUSMli DU

kUMD LaM DaUM HaDh tSMsa aMBU.Bel aM sv TeBaMe

lek.aMe laie iei aM D .(è h(DUT DhU.Usa

elaDevv Me ' θJô±±Yè

/Y+ç a vkU ' –³+±+−è vUDexaUMe le..e tevaDe

tveikhe la TUD DSv kUM TvUlUDDa caU.Usaka c ie la

vakhUlevL è vUseDDU ei aD' via –el−' esaUMe

Uik M ' D .(è

/Y±ç .x v MU ' L .taD MU ' esheDDa '

ù sUiDaMU ' –³+±+−è tteDDU la Dv DD LeMDa

MSDvaxaUM .a iS.. kULT vi lea iaMDULa tUs.a va e iS

k v DDevaiDakhe kULTUiaDaBe le.. TvUlSxaUMe aM

BasMeDa tteDDa l eik TvUTva è vUseDDU ei aDè via

–el−' esaUMe Uik M ' D .(è
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/Y³ç hU..eD ' –³+±±−è B .S DaUM le .ùettak kaDg

l%SMe iDv Dgsae .DevM DaBe le Dv aDeLeMD khaLaESeè

U..UESe M DaUM . iSv .ei L . laei lS cUai le .

BasMe' vai – v Mke−è

/Yαç UMle..U ' UMs( ' DDaiDUM ' aMDU '

UTTaM ' vUDe.@ xax ' .gLeMD ' SsM a '

UMD aMe ' –³+±=−è v TeBaMe DvSMP laie ieiô

veBaeH Ut tatDeeM (e vi Ut Dva .i tUv Dheav kUMDvU. HaDh

kheLak .i Ml caUkUMDvU. seMDiè kkeTDel tUv

TSc.ak DaUM UM . MD aie ie'

hDDTiô99lUaèUvs9±+è±+μθ9 @+µ@±=@±±µ±@ è

/Yθç v L ,e' ' a vkU ' –³+±Y−è leMDat(aMs

Tv kDakei .aPe.( DU h Be aLT kDi UM sv TeBaMe DvSMP

laie ie aMtekDaUMiô SvUTe M MSviev( iSvBe(è

h(DUT DhU.è elaDevvè Yθôα±αè

/YYç aDe ' haDe. H@ ekPevD ' Uv.e( ' –³+±Y−è

v TeBaMe TvUT s DaUMô TvaMkaT.ei Ml LeDhUli tUv

Dhe TvUlSkDaUM Ut hash@ES .aD( sv TeBaMe T. MDaMs

L Deva .è è è è vUT UvDakè kaè θαô±θθ&±J±è

/YJç USvae ' ..eeM ' –³++J−è heLak . Ml

caU.Usak . TvUDekDaUM Ut sv TeBaMe TvUT s DaUM

L Deva . tvUL DvSMP laie ie T DhUseMiè Svè è . MD

DhU.è ±±Jô³YY&³JYè

/Y=ç evDUD ' vUlUvSDDa ' U.ULcaMa ' iaMa '

–³+±J−è vakhUlevL DvUBavale ± TveBeMDi

h eULUMae.. kh. L(lUiTUv Ml

h eU kveLUMaSL .eUTha.SL aMtekDaUM Ut

sv TeBaMe T. MDi lSvaMs Dhe sv tDaMs TvUkeii aM

MSvievaeiè aUkUMDvU. J±ô³Y=&³J=è

/Yµç aevvUM ' sei ' USlevk ' ULT MD '

kESei ' aU..e S ' –³+±Y−è M BaDvU Ml aM T. MD

tSMsakale TvUTevDaei Ut UxUM Del H Dev s aMiD Dhe

eik iiUka Del tSMsSi h eU kveLUMaSL

.eUTha.SLè kaè UvDakè ±µμô±µθ&±μ±è

/Yμç .x v MU ' a vkU ' % sUiDaMU ' khatt '

SsM a ' –³+±θ−è v TeBaMe .e t iDvaTe laie ie

i(LTDULi –eik kULT.eZ− ve velSkel c( MSDvaeMDi

Ml ie Heel LaZDSveè h(DUT DhU.è elaDevvè

YαôYθα&YYµè

/J+ç UiMUHiPa ' akPi ' kUDD ' –³+±±−è

UMDvU. Ut SD(T laec kP aM sv TeBaMei SiaMs

veLela . iSvsev(è h(DUT DhU.è elaDevvè Y+ô³==&

³µθè

/J±ç L vD ' –³+±Y−è vSMP laie ieiô DaLe.( DvSMP

veMeH . DU UBevkULe DvSMP laie ieè aMe aDakè è

α+ôθθè

/J³ç ' –³+±J−è eiU.SDaUM ³9³++J e iSvei

Siel DU TveBeMD Uv .aLaD Dhe TvU.atev DaUM Ut HUUlè

ù vs Mai DaUM MDevM DaUM .e le . asMe eD lS aM'

vaiè

/Jαç v B lUM ' HeveMke ' UUMe(@ Dh L '

Sc.ev ' a.kUZ ' U.ih SieM' '

SLs vDMev ' –³+±Y−è lUThUv iTekaei

iiUka Del HaDh HUUl@lek ( Ut sv TeBaMe aM UvDh

Levak è SMs . caU.Us( ±±μôYα&JJè

/Jθç U.ih SieM ' vcex@ Uvvei' ' UUMe(@

Dh L ' iP .eM ' LaDh ' Sc.ev ' –³+±+−è

B .S DaUM Ut TvSMaMs HUSMl iSikeTDaca.aD( Ml

TvUDekDaUM s aMiD tSMsa iiUka Del HaDh sv TeBaMe

DvSMP laie ieiè Lè è MU. aDakè J±ô±±α&±±μè

/JYç ekULDe ' vvaeSDUvD ' aLaM M ' ULUMD

' SvS LeMla v x ' esUvcSvS ' evL Sl '

–³+±³−è eH aMiashDi aMDU eik Ut sv TeBaMeô Dhe

leBe.UTLeMD Ut tU.a v i(LTDULi Ml Dheav

iiUka DaUM HaDh Z(.eL laikU.Uv DaUMè . MD aiè

μJôμ³θ&μαθè

/JJç SvakU ' SsM a ' vkha ' –³++µ−è he ik

aie ie ULT.eZ' TT ±±μ@±αJè Mô MDesv Del

M seLeMD Ut aie iei Siel c( SMsa'
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iiN zvc©P hhhuDzvfyy wFl zl
iiN F©/c©f b cvf©Mf t©cOfvycP_ (vfyy

 (s_PFz4PsF/-Sf.cPfvv

FvvfyzF©.c©e 4DPsFv i c f©©4vF
l4c/ u .cef©©4vF c5clfP w©v cP

b DPsFv y nscy cy 4© Fzf© 4wwfyy 4vPcw/f .cyPvc5DPf. D©.fv Psf Pfvly Fu Psf vf4PcOf FllF©y PPvc5DPcF© Icwf©yf 3
hscws zfvlcPy D©vfyPvcwPf. Dyf .cyPvc5DPcF© 4©. vfzvF.DwPcF© c© 4©_ lf.cDl zvFOc.f. Psf Fvcec©4/ 4DPsFv 4©. yFDvwf 4vf wvf.cPf.

RESEARCH PAPERS

Unmanned Aerial Vehicle (UAV)-based remote sensing to monitor 
grapevine leaf stripe disease within a vineyard aff ected by esca 
complex
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�����������	����������������4©.��������������

yPcPDPF .c cFlfPfFvF/Fec4 S n Nr )c4 4zvF©c cvf©Mf P4/_
cz4vPclf©PF .c iwcf©Mf .f//f (vF.DMcF©c evF4/clf©P4vc f .f//L l5cf©Pf ci( ifM (4PF/Fec4 OfefP4/f f. ©PFlF/Fec4
t©cOfvycP5 .fe/c iPD.c .c cvf©Mf (c4MM4/f .f//f 4ywc©f cvf©Mf P4/_
yPcPDPF .c cFlfPfFvF/Fec4 S n Nr )c4 F5fPPc F/Fe©4 P4/_

Dipartimento di Scienze Agrarie e Ambientali, Università degli Studi di Perugia, Borgo XX Giugno 74, 06128 Perugia, Italy

�		���� F/c4v y_lzPFly Fu ev4zfOc©f /f4u yPvczf .cyf4yf Ii 4 .cyf4yf hcPsc© Psf fyw4 wFlz/fa 4vf /c©mf.
to drastic alteration of photosynthetic function and activation of defense responses in af ected grapevines several 
days before the appearance of the i rst visible symptoms on leaves. The present study suggests a methodology to 
c©OfyPce4Pf Psf vf/4PcF©ysczy 5fPhff© sces vfyF/DPcF© lD/PcyzfwPv4/ cl4efy l zcaf/ 4wUDcvf. Dyc©e 4© t©
l4©©f. fvc4/ )fscw/f t ) 4©. Ii uF/c4v y_lzPFly lF©cPFvf. 5_ evFD©. yDvOf_y nscy 4zzvF4ws ysFhf.
high correlation between Normalized Dif erential Vegetation Index (NDVI) acquired by the UAV and GLSD symp-
PFly 4©. .cywvclc©4PcF© 5fPhff© y_lzPFl4Pcw uvFl 4y_lzPFl4Pcw z/4©Py ces vfyF/DPcF© lD/PcyzfwPv4/ cl4efy
were acquired during June and July of 2012 and 2013, in an experimental vineyard heavily af ected by GLSD, 
/Fw4Pf. c© nDyw4©_ P4/_ hsfvf Oc©fy s4. 5ff© yDvOf_f. 4©. l4zzf. yc©wf 4ws Oc©f h4y /Fw4Pf. hcPs 4
global positioning system, and classii ed for appearance of foliar symptoms and disease severity at weekly inter-
O4/y uvFl Psf 5fec©©c©e Fu f4ws yf4yF© rflFPf yf©yc©e 4©. evFD©. F5yfvO4PcF© .4P4 hfvf 4©4/_Mf. PF zvFlzP/_
c.f©Pcu_ Psf f4v/_ yP4efy Fu .cyf4yf fOf© 5fuFvf OcyD4/ .fPfwPcF© nscy hFvm yDeefyPy 4© c©©FO4PcOf lfPsF.F/Fe_
uFv UD4©PcP4PcOf 4©. UD4/cP4PcOf 4©4/_ycy Fu yz4Pc4/ .cyPvc5DPcF© Fu y_lzPFl4Pcw z/4©Py nsf y_yPfl l4_ 4/yF 5f
Dyf. uFv faz/Fvc©e Psf zs_ycF/Fecw4/ 54yfy Fu Ii 4©. zvf.cwPc©e Psf F©yfP Fu Pscy .cyf4yf

�����
�����zvfwcycF© OcPcwD/PDvf .cyf4yf .fPfwPcF© 4y_lzPFl4Pcw z/4©P PvD©m .cyf4yf

Introduction

D©e4/ PvD©m .cyf4yfy l4c©/_ DP_z4 .cf54wm
FPv_Fyzs4fvc4 .cf54wm fyw4 wFlz/fa 4vf vfyzF©yc

ble for signii cant economic losses to the wine indus-
try worldwide, and are the most dii  cult grapevine 
.cyf4yfy PF wF©PvF/ c S4vwF gc od 4 lF©e
Psfyf .cyf4yfy fyw4 wFlz/fa cy Psf lFyP hc.fyzvf4.
c© DvFzf iDvcwF gc od fvPyws gc od

D5/fv gc od c©w/D.c©e hFF. .fw4_ c© D
vFzf l4c©/_ w4Dyf. 5_ àrece.àFeo rglecgFFongo 4©.
ev4zfOc©f /f4u yPvczf .cyf4yf Ii l4c©/_ 4yyFwc
4Pf. hcPs hFF. O4ywD/4v c©ufwPcF©y 5_ Mogàrànegddo
aMdor)làm.àFo 4©. MogàoaFgrànesr renersr N
odgà.Medsr2 mgnms v4l4of gc od 5DP 4/yF hcPs
4 ©FP _fP hf// ws4v4wPfvcMf. O4ywD/4v .cyuD©wPcF© ©
F/.fv Oc©fy hFF. .fw4_ 4©. Ii uvfUDf©P/_ Fw
wDv PFefPsfv F© Psf y4lf z/4©P SDe©4c gc od
iDvcwF gc od., 2008; Andoli  gc od i_lzPFly Fu
Ii c©w/D.f uF/c4v c©PfvOfc©4/ ©fwvFycy ecOc©e 4u
ufwPf. /f4Ofy Psf P_zcw4/ Pcefv yPvczf 4zzf4v4©wf ce
ure 1). Af ected vines produce poor quality grapes 
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4/M4v4©F gc od 5 IFvv4c© gc od s4Of
vf.Dwf. zvF.DwPcF© 4©. 4 sces c©wc.f©wf Fu _f4v/_
.f4Ps vfzvfyf©Pc©e 4© c©wvf4yc©e Psvf4P uFv ev4zf
evFhfvy 4vFD©. Psf hFv/. 5DP fyzfwc4//_ c© DvFzf
fvPyws gc od D5/fv gc od
nsf lFyP P_zcw4/ ws4v4wPfvcyPcwy Fu Ii 4vf Psf

45yf©wf Fu wFvvf/4PcF© 5fPhff© Psf yfOfvcP_ Fu hFF.
.fPfvcFv4PcF© 4©. Psf 4zzf4v4©wf 4©. yfOfvcP_ Fu
/f4u y_lzPFly 4/M4v4©F gc od., 2007; Fontaine gc od

4©. Psf c©PfvlcPPf©P fazvfyycF© Fu /f4u y_lz
PFly nsfyf l4_ ©FP 4zzf4v c© fOfv_ evFhc©e yf4
son on each af ected same vine, even if it is infected 
4©. s4y ysFh© y_lzPFly c© zvfOcFDy _f4vy nscy
.cywF©Pc©DcP_ Fu /f4u y_lzPFly F© c©.cOc.D4/ Oc©fy
makes it extremely dii  cult to determine the true 
c©wc.f©wf Fu Psf .cyf4yf c© 4 Oc©f_4v. 4P 4©_ ecOf©
Pclf 5fw4Dyf l4©_ c©ufwPf. Oc©fy l4_ ©FP ysFh
y_lzPFly fOfv_ _f4v iDvcwF gc od S4vwsc gc
od y 4 wF©yfUDf©wf 4©©D4/ lF©cPFvc©e Fu
/f4u y_lzPFly 5fwFlfy uD©.4lf©P4/ uFv fO4/D4P
c©e .cyf4yf fazvfyycF© FOfv zvFevfyycOf _f4vy 4©.
PF 4wUDcvf wDlD/4PcOf c©.cwfy Fu Psf vf4/ c©wc.f©wf
of the disease. A plant af ected by GLSD or, in gen-
fv4/ Pfvly 5_ fyw4 .cyf4yf w4© ecOf ©Fvl4/ zvF.Dw
PcF© cu cP vfl4c©y y_lzPFl/fyy c© Ps4P _f4v nsDy cP cy

F©/_ Psf l4©cufyP4PcF© Fu y_lzPFly Ps4P cy .cvfwP/_
related to a loss of quality of the i nal product in 
f4ws _f4v 4/M4v4©F gc od 5 5fyc.fy /f4.c©e
to a progressive weakening and i nally to death of 
Psf Oc©f
nsfvf cy wF©yc.fv45/f .f54Pf 45FDP Psf u4wPFvy

/f4.c©e PF .fOf/Fzlf©P Fu uF/c4v y_lzPFly F©
P4c©f gc od nsfyf c©w/D.f Psf zFyyc5/f c©OF/Of
ment of phytotoxic substances (Andoli  gc od
zvF.Dwf. 5_ Psf z4PsFef©y 4 vf/fO4©P vF/f Fu f©
vironmental factors, specii cally rain (Marchi gc od

4©. ef©fv4/ O4ywD/4v ._yuD©wPcF© Pvceefvf.
5_ c©4zzvFzvc4Pf wD/PDv4/ zv4wPcwfy IfwFlPf gc od

:s4PfOfv Psf w4Dyfy lFyP zvF545/_ 4 wFl5c
©4PcF© Fu u4wPFvy l4©_ 4DPsFvy s4Of .flF©yPv4Pf.
.v4yPcw 4/Pfv4PcF© Fu zsFPFy_©PsfPcw uD©wPcF©y 4y hf//
as stimulation of defense responses in af ected grape-
vines several days before the appearance of the i rst 
uF/c4v y_lzPFly fvP4lc©c gc od svcyPf© gc
od., 2007; Letousey gc od S4PPcc gc od S4e
©c© rF5fvP gc o 4/4l4c gc od 4v/_ .f
PfwPcF© Fu 4 .cyf4yf cy clzFvP4©P c© yPD.cfy Fu y_lz
tom development, and for evaluation of the ei  cacy 
Fu Psf ufh wF©PvF/ yPv4Pfecfy 4O4c/45/f c S4vwF gc
od 5 4/M4v4©F gc od il4vP 4v/_

Figure 1. n_zcw4/ uF/c4v y_lzPFly Fu ev4zfOc©f /f4u yPvczf .cyf4yf Ii ysFh c©PfvOfc©4/ ws/FvFycy 4©. Fv ©fwvFycy
P_zcw4//_ yDvvFD©.f. 5_ 4 vf..cys zDvz/f Fv _f//Fh l4vec© :sc/f Psfvf cy O4vc45c/cP_ c© Psf 4zzf4v4©wf Fu y_lzPFly c©
dif erent cultivars, the so called “tiger stripe” pattern is fairly typical.
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.fPfwPcF© w4© 4/yF yDzzFvP D©.fvyP4©.c©e Fu Psf u4w
PFvy Ps4P c©wcPf y_lzPFl .fOf/Fzlf©P /f4.c©e PF
zvfOf©PcF© Fu _cf/. 4©. UD4/cP_ /Fyyfy DvPsfvlFvf
despite the general lack of efective control methods, 
f4v/_ .fPfwPcF© Fu y_lzPFl4Pcw Oc©fy w4© f©s4©wf fu
ufwPcOf©fyy Fu /Fw4/ PvD©m Pvf4Plf©P Fv l4©4eflf©P
I4uF© 4/M4v4©F gc od 4 4vvcfDPFvP 4©.

Lecomte, 2007; Smart, 2015).
nsf yPvF©e vf/4PcF©yscz 5fPhff© uF/c4v y_lzPFly

4©. 4/Pfv4PcF© Fu zsFPFy_©PsfPcw 4wPcOcP_ s4y 5ff©
Psf mf_ PF yDeefyP ©fh lfPsF.F/Fe_ PF c©OfyPce4Pf
Psf F©yfP Fu y_lzPFly 54yf. F© FzPcw4/ Pfws©cUDfy
4clf. PF lF©cPFv z4v4lfPfvy /c©mf. PF /f4Ofy 4©.
PsfvfuFvf sFyP zs_ycF/Fecw4/ yP4Pf rfwf©P .fOf/Fz
lf©Py c© FzPcw4/ Pfws©F/Fe_ s4Of zvFOc.f. v4zc.
4©. ©F© .fyPvDwPcOf lfPsF.y uFv .cyf4yf .fPfwPcF©
based on relectance data and spectral vegetation in
.cwfy 2Fs©yF© gc od 1s4©e gc od v4OF
gc od iPf..Fl gc od iPf..Fl gc od
Graef gc od f/4/cfDa gc od., 2007; Huang gc od
2007; Larsolle and Muhammed, 2007; Delalieux gc od

N4c.D gc od :4©e gc od i4©m4v4©4
gc od rf_©F/.y gc od f//Fh gc od
Scvcm gc od fv.DeF gc od /4v45 gc od

S4vPc©f//c gc od © z4vPcwD/4v z/4©P yzfw
Pv4/ zvFzfvPcfy 4P Ocyc5/f 4©. ©f4v c©uv4vf. h4Of
lengths can assist development of speciic signatures 
for speciic stresses in diferent species (Hatield and 
(c©Pfv (fGDf/4y 4©. c/f//4 :fyP gc od
2003). The green vegetation spectral relectance in 
Psf vf. 54©. cylFyP yf©ycPcOf PF /f4u ws/FvFzs_// wF©
Pf©P hsc/f Psf ©f4v c©uv4vf. 54©. cy lFyP vf/4Pf. PF
biomass (Thomas and Oerther, 1972; Toler gc od
/4MUDfM 4©. .h4v.y 6Dvyws©fv gc od
/4mfl4© © Ps4P vfyzfwP Psf NFvl4/cMf.

Diference Vegetation Index (NDVI) is a good pa
v4lfPfv PF fO4/D4Pf /f4u ws/FvFzs_// wF©Pf©P hscws
cy .cvfwP/_ wFvvf/4Pf. hcPs Psf sf4/Ps yP4PDy Fu z/4©Py
N ) cy w4/wD/4Pf. uvFl Psf uF//Fhc©e fUD4PcF©

NDVI = (ρNIR - ρR) / (ρNIR + ρR)

where ρNIR and ρR are, respectively, the relectance 
c© ©f4v c©uv4 vf. 4©. vf. 54©.y rFDyf gc od., 1973). 
© fa4lz/f cy Psf hFvm Fu 4Dfv gc od hscws
.fywvc5f. 4 /45Fv4PFv_ lfPsF. PF zvFOc.f f4v/_ 4©.
vf/c45/f .fPfwPcF© Fu yDe4v 5ffP /f4u .cyf4yfy 54yf.
F© sces vfyF/DPcF© lD/PcyzfwPv4/ cl4efy vf4/cMf.
hcPs nfPv4w4l IcPf ic©wf Psf f©. Fu Psf y
vflFPf yf©yc©e s4y 5ff© Dyf. c© z/4©P .cyf4yf .fPfw

PcF© hcPs c©wvf4yc©e uvfUDf©w_ rflFPf yf©yc©e Pfws
niques are replacing traditional methods in ield or 
/45Fv4PFv_ 4©4/_ycy hsf© vfzfPcPcOf /4vef yw4/flf4y
Dvflf©Py 4vf vfUDcvf. vfzvfyf©Pc©e Psf F©/_ uf4yc5/f
4zzvF4ws uFv F5P4c©c©e Psfyf .4P4 iPfOf© 4©. /4vm

cPMefv4/. gc od Of© uvFl f4v/_ vfzFvPy
l4©_ 4DPsFvy s4Of yDeefyPf. Ps4P vflFPf yf©yc©e
wFD/. 5f Dyf. uFv zvFOcycF©4/ z/4©P .cyf4yf .fPfwPcF©
yFlf .4_y 5fuFvf OcyD4/ y_lzPFly 5fw4lf 4zz4vf©P
(Manzer and Cooper, 1967; Burns gc od nsFyf
F5yfvO4PcF©y wFD/. 5f 4zz/cw45/f 4/yF uFv Ii Fv
fyw4 wFlz/fa Fu ev4zfOc©f svcyPf© gc od., 2007; Mat
Pcc gc od S4e©c©e rF5fvP gc od
nsf zvc©wcz/f F© hscws vflFPf yf©yc©e Pfws

©cUDfy cy 54yf. c© z/4©P .cyf4yf .fPfwPcF© cy PF c©
OfyPce4Pf zs_ycF/Fecw4/ .cyPDv54©wfy 5_ vfwFv.c©e
changes in foliar relectance in the near infrared 
zFvPcF© Fu Psf yzfwPvDl hscws cy ©FP zfvwfzPc5/f
5_ f_f nsDy vflFPf yf©yc©e zvFOc.fy 4 UDcwm 4©.
/Fh wFyP PFF/ PF 4©4/_Mf 5cFPcw 4©. 45cFPcw yPvfyy uvFl
diferences in the spectral characteristics of the crop 
w4©Fz_ nsf zfvuFvl4©wf Fu 4cvwv4uP vflFPf yf©yc©e
c© zvfwcycF© OcPcwD/PDvf cy hf// faz/Fvf. 2Fs©yF© gc
od 2Fs©yF© gc od 5 4// gc od nsf
approach is currently increasing in lexibility and 
yz4Pc4/ vfyF/DPcF© Fu Dz PF l zfv zcaf/ 4y wFl
z4vf. hcPs y4Pf//cPf z/4PuFvly hscws 4P lFyP vf4ws
vfyF/DPcF© Fu l zfv zcaf/ c© lD/PcyzfwPv4/ 54©.y
:Fv/.Ocfh FhfOfv .cyf4yf .fPfwPcF© vfUDcvfy
evf4Pfv yz4Pc4/ vfyF/DPcF© 4/.fvE© gc od c©
Fv.fv PF .cywvclc©4Pf vFh uvFl c©Pfv vFh 4©. fOf©
f4ws Oc©f hcPsc© 4 vFh nfws©F/Fecw4/ 4DPFl4PcF©
.fOf/Fzlf©Py s4Of zvFOc.f. 4 ©fh yF/DPcF© uFv
vflFPf lF©cPFvc©e Psf t©l4©©f. fvc4/ )fscw/fy
(UAVs). These ixed-wing or rotary platforms can be 
remotely controlled by a pilot or ly autonomously 
on user-planned routes by means a complex light 
wF©PvF/ yf©yFvy nsf mf_ yPvf©ePs Fu t ) 4zz/cw4PcF©
c© vflFPf yf©yc©e cy Psf sces yz4Pc4/ evFD©. vfyF
/DPcF© wf©PclfPfvy 4©. 4 vf.Dwf. z/4©©c©e Pclf
which allows for highly lexible and timely monitor
c©e 2Fs©yF© gc od 4 4/Do4 gc od F/Flc©4
4©. SF/c©4 S4Psfhy S4Pfyf gc od
S4Psfhy 14l4© //4s gc od
ic©wf Psf (vfwcycF© )cPcwD/PDvf evFDz Fu Psf

©yPcPDPf Fu cFlfPfFvF/Fe_ Fu Psf N4PcF©4/ rfyf4vws
FD©wc/ c© wF//45Fv4PcF© hcPs Psf ifwPcF© Fu (/4©P
z4PsF/Fe_ 4©. ©PFlF/Fe_ i( t©cOfvycP_
Fu /Fvf©wf s4y w4vvcf. FDP 4 yfvcfy Fu fazfvclf©Py
uFwDyf. F© Ii c© 4 Oc©f_4v. c© sc4©Pc /4yycwF
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Fl4c© nDyw4©_ P4/_ nsf zDvzFyf h4y PF yPD._
Psf vf/4PcF©ysczy 5fPhff© N ) .fvcOf. uvFl sces
vfyF/DPcF© cl4efy 4wUDcvf. 5_ t ) z/4PuFvly 4©.
y_lzPFl4Pcw z/4©Py lF©cPFvf. 5_ evFD©. 54yf. F5
yfvO4PcF©y fyzcPf Psf ef©fv4/ /4wm Fu w/f4v 4©. wF©
ycyPf©P faz/4©4PcF©y Fu Psf u4wPFvy Ps4P c©wcPf uF/c4v
y_lzPFly F©f 4yzfwP Ps4P cy hc.f/_ 4wwfzPf. cy Psf
vF/f Fu v4c© c© /4Pf yzvc©e f4v/_ yDllfv c© c©wvf4y
c©e Psf 4zzf4v4©wf Fu Ii y_lzPFly S4vwsc gc
od DCvc© D5v4©4 gc od ©.vfc©c gc od
2015). The years 2012 and 2013 difered markedly 
uFv yDllfv v4c© z4v4lfPfvy yF cP cy vf/fO4©P PF wFl
z4vf Psf .4P4 F5P4c©f. 5_ Psf t ) yDvOf_y c© PsFyf
PhF _f4vy yfwF©. F5ofwPcOf h4y PF .fOf/Fz 4© c©
©FO4PcOf lfPsF.F/Fe_ 4clf. zvcl4vc/_ 4P UD4©PcP4
PcOf 4©. UD4/cP4PcOf 4©4/_ycy Fu yz4Pc4/ .cyPvc5DPcF© Fu
y_lzPFl4Pcw z/4©Py 4©. Psf© PF .fOf/Fz 4 zvf.cwPcOf
lF.f/ uFv Psf F©yfP Fu Psf uF/c4v y_lzPFly Fu Ii

Materials and methods

Experimental site and climate data

nsf vfyf4vws h4y wF©.DwPf. F© 4 s4 Oc©f
_4v. /Fw4Pf. c© Psf sc4©Pc /4yycwF Fl4c©
(43°40’11.48”N-11°8’30.23”E) in Tuscany, Italy. The 
Oc©f_4v. h4y z/4©Pf. c© hcPs 45fv©fP i4D
Oce©F© Oc©fy hcPs vFhy 4/ce©f. N: i l 5f
Phff© vFhy 4©. Psf Oc©fy yz4wf. l 4z4vP hcPsc©
Psf vFhy nsf Oc©f_4v. h4y Pv4c©f. 4y Dzh4v. OfvPc
w4/ ysFFP zFycPcF©c©e 4©. zvD©f. 4y yzDv wFv.F©y
vvce4PcF© h4y ©FP 4zz/cf. nsf Oc©f_4v. cy /Fw4Pf.
F© 4 yFDPs fazFyf. y/Fzf 4P l 45FOf yf4
/fOf/ nsf fazfvclf©P4/ z/FP wF©ycyPf. Fu Pf© 4.o4wf©P
vFhy l /F©e zvFOc.c©e 4 y4lz/f Fu Oc©fy PF
5f lF©cPFvf. nscy z/FP h4y wsFyf© 5fw4Dyf Fu Psf
sces Ii c©wc.f©wf 4/lFyP fOfv_ _f4v FOfv
of vines afected) when monitored at the single plant 
/fOf/ yc©wf hcPsFDP O4vc45c/cP_ 5fPhff© Oc©fy
c© Pfvly Fu OceFDv 4©. Fu Psf /4©. y/Fzf /fyy Ps4©

vFD©. F5yfvO4PcF©y hfvf wF//fwPf. 5fPhff©
S4_ 4©. ifzPfl5fv 4P hffm/_ c©PfvO4/y c© 4©.
at monthly intervals in 2013, while the UAV light 
yDvOf_ h4y l4.f 4P uD// 5/FFl S4_ 4y 4
preliminary light, fruit-set (25 June 2012 and 2013) 
4©. 5fec©©c©e Fu Ofv4cyF© 2D/_ 4©.
/cl4Pf h4y ws4v4wPfvcMf. hcPs 4evFlfPfFvF/Fecw4/
.4P4 4wUDcvf. uvFl 4 SfPfFif©yf hf4Psfv yP4PcF©
NfPyf©y yv/ /Fw4Pf. l uvFl Psf 4yP yc.f Fu Psf
Oc©f_4v.

Ground observation

All vines in the experimental plot were classiied 
c© Psf uF//Fhc©e w4PfeFvcfy i y_lzPFl4Pcw Oc©fy
hcPs zvF©FD©wf. y_lzPFly vf/4Pf. PF T .cy
f4yf yfOfvcP_ wF©PvF/ Oc©fy Ps4P ©fOfv ysFhf.
uF/c4v y_lzPFly Fv 4y_lzPFl4Pcw Oc©fy Ps4P s4.
ysFh© y_lzPFly c© Psf zvfOcFDy _f4vy nsf Oc©fy
Ps4P ysFhf. /fyy Ps4© .cyf4yf yfOfvcP_ hfvf ©FP
c©w/D.f. c© Psf i w4PfeFv_ 5fw4Dyf Psf y_lzPFly
hfvf ef©fv4//_ /Fw4Pf. c© 54y4/ /f4Ofy hscws s4y /Fh
clz4wP F© _cf/. UD4/cP_ 4©. UD4©PcP_ 4©. 4vf 54vf/_
detectable by the UAV light survey. The ground dis
f4yf lF©cPFvc©e h4y zfvuFvlf. 5_ PhF hf// Pv4c©f.
yDvOf_Fvy 5_ F5yfvOc©e Psf uF/c4ef Fu f4ws Oc©f F©
5FPs yc.fy Fu f4ws vFh c©w/D.c©e 5v4©wsfy ysFFPy
4©. 5D©wsfy zfvwf©P4ef O4/Df uFv .cyf4yf yfOfvcP_
h4y 4ywvc5f. Dyc©e 4© 4v5cPv4v_ .cyf4yf yw4/f hsfvf

©F y_lzPFly T T T
T 4©. T nsf P_zcw4/ hFF.

4/Pfv4PcF©y 4yyFwc4Pf. hcPs Psf fyw4 wFlz/fa hfvf
veriied in a random sample of symptomatic vines (S 
w4PfeFv_ 5_ c©yzfwPc©e Pv4©yOfvyf yPfl yfwPcF©y 4y
.fywvc5f. c© zvfOcFDy/_ iDvcwF gc od

Ground-based ecophysiological measurements

Dvc©e Psf evFhc©e yf4yF© z/4©P fwFzs_yc
F/Fecw4/ lf4yDvflf©Py F© /f4Ofy 4©. zvD©f. hFF.
hfvf c©PvF.Dwf. iPFl4P4/ wF©.DwP4©wf ey 4©.
/f4u Pflzfv4PDvf hfvf vfwFv.f. Dyc©e 4© c©uv4vf.
e4y 4©4/_yfv I  r I  r Ic©wF/© N
ti nF 4OFc. Psf f©OcvF©lf©P O4vc45c/cP_ (sF
PFy_©PsfPcw wPcOf r4.c4PcF© ( r h4y yfP 4P
μmol m y  4cv wF©wf©Pv4PcF© 4P zzl 4©.
wDOfPPf Pflzfv4PDvf 4P @ Sf4yDvflf©Py hfvf
l4.f c© uFDv uD//_ faz4©.f. 4©. fOf© 4ef. /f4Ofy
from ive diferent plants per treatment from 09:00 to 

s yF/4v Pclf Sf4yDvflf©Py wF©yc.fvf. F©/_
wF©PvF/ 4/h4_y 4y_lzPFl4Pcw 4©. 4y_lzPFl4Pcw
Ps4P ysFhf. y_lzPFly c© zvfOcFDy _f4vy z/4©Py
5fw4Dyf Psf /f4Ofy Fu y_lzPFl4Pcw z/4©Py ysFh /4vef
©fwvFPcw 4vf4y Ps4P .F ©FP 4//Fh wFvvfwP lf4yDvflf©P
hcPs Psf e4y 4©4/_yfv

zc.fvl4/ zF/_zsf©F/y hscws 4vf vfzvfyf©P4PcOf
Fu PFP4/ /f4u zsf©F/y 6F/5 4©.(uD©.f/ 4vPsF.
gc od., 2007), were non-destructively measured on the 
y4lf y4lz/f /f4Ofy Dyc©e 4 zFvP45/f /f4u w/cz .fOcwf
D4/fa Fvwf  vy4_ v4©wf nscy .fPfvlc©fy

fzc.fvl4/ 45yFv54©wf c© Psf t) h4Of/f©ePs T
400 nm), which is mainly due to lavonoids (Goulas 



M)cà.ocMàdà eo glecgFFongo

e gnnoFà fP 4/

gc od 4vPf/4P gc od nhF 4.4ac4/ 4©. PhF
454ac4/ lf4yDvflf©Py hfvf vfwFv.f. c© yfUDf©wf
uvFl Psf lc../f z4vP Fu f4ws /f4u 4OFc.c©e Psf l4c©
veins, and l avonoid contents was calculated follow-
c©e Psf lfPsF. Fu (F//4yPvc©c gc od

As a further test to evaluate dif erences among 
Psf Psvff Oc©f w/4yyfy i_lzPFl4Pcw y_lzPFl4P
cw F©PvF/ Psf .cyP4©wf 5fPhff© ©F.fy 4©. Psf
hfcesP Fu Psf w4©fy hfvf lf4yDvf. 4y c©.cw4PFvy
Fu Psf v4Pf Fu ysFFP evFhPs .Dvc©e Psf yf4yF©
(Pratt, 1974; Mullins gc od © 24©D4v_ 4
w4©f h4y wF//fwPf. uvFl Fu f4ws Oc©f uvFl Oc©fy
uvFl f4ws Fu Psf Psvff Oc©f w/4yyfy i nsf
cane portion between the 2nd and 7th node from 
Psf 54yf Fu f4ws _f4v F/. w4©f evFh© h4y yf/fwPf.
c© Psf evFhc©e yf4yF© PF lf4yDvf /f©ePs 4©.
uvfys hfcesP

Unmanned aerial platform

SD/PcyzfwPv4/ cl4efy hfvf 4wUDcvf. hcPs 4 t )
platform, based on a modii ed multi-rotor Mik-
vFmFzPfv  mPF0I ci_yPfly l5 fUDczzf.
hcPs 4 ©4.cv u4wc©e nfPv4w4l /cPf w4lfv4 nfP
v4w4l ©w ceDvf 4 nsf w4lfv4 hfcesf. e
4©. s4. vflFPf zFhfv 4©. .cyz/4_ uf4PDvfy uFv Fz
PclcMf. z/4wflf©P F© t ) z/4PuFvly nsf zvcl4v_

Dyf Fu Pscy w4lfv4 cy PF vfwFv. OfefP4PcF© w4©Fz_
rel ectance for derivation of several vegetation in-
.cwfy N ) iFc/ .oDyPf. )fefP4PcF© ©.fa w4©F
z_ yfelf©P4PcF© 4©. Nf4v ©uv4vf. vff© v4PcFy
l4efy hfvf vfwFv.f. c© Psf Ocyc5/f vf. r h4Of
/f©ePs T ©l 4©. evff© T 4©.
near infrared (NIR; 760–900 nm) spectra. Camera 
uf4PDvfy yDws 4y lfe4zcaf/ S i yf©yFv A
1536 pixels), 8.5 mm lens and 43° i eld of view, pro-
vided a 0.05 m/pixel ground resolution at a l ight 
sfcesP Fu l // cl4efy hfvf P4mf© 5fPhff©

4©. s yF/4v Pclf f4ws .4_ c© w/f4v ym_
wF©.cPcF©y hscPf vfufvf©wf cl4ef h4y P4mf© PF
compute rel ectance by framing a Tel on calibration 
panel just before take-of . The l ight altitude was 
i xed at 150 m (above ground level), and the UAV 
l ight speed was of 4 m s nsfyf yfPPc©ey 4//Fhf.
a 72% image forward overlap, while a waypoints 
vFDPf z/4©©f. ol Màa f©yDvf. 4 cl4ef yc.f
FOfv/4z evf4P f©FDes PF eD4v4©Pff FzPcl4/ zsF
PFev4llfPvcw zvFwfyyc©e nsf t ) z/4PuFvl w4l
fv4 uf4PDvfy 4©. cl4ef zvFwfyyc©e hfvf .fywvc5f.
zvfOcFDy/_ S4Pfyf gc od i4lz/f z/4©Py hfvf
efFvfufvf©wf. 4P sces vfyF/DPcF© l hcPs 4 .cu
ufvf©Pc4/ (i Ifcw4 i Nii Ifcw4 fFy_yPfly

PF zvfwcyf/_ .cywvclc©4Pf Oc©fy 4/F©e Psf vFhy
ceDvf 5

Figure 2. ©yPvDlf©P4PcF© Dyf. c© Psf yPD._ SD/PcvFPFv t ) z/4PuFvl ScmvFmFzPfv ci_yPfly l5 SFFlfv/4©.
Germany), inset shows the multispectral camera (Tetracam ADC-Lite, Tetracam), B, Dif erential GPS (Leica GS09 GNSS, 
Ifcw4 fFy_yPfly
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Data processing

(caf/:vf©ws yFuPh4vf nfPv4w4l ©w h4y Dyf.
PFl4©4ef 4©. zvFwfyylD/PcyzfwPv4/ cl4efy zvFOc.
ing a batch ile conversion from RAW to TIFF. Two 
w4zPDvf. cl4efy hfvf 4yyfl5/f. c©PF 4 lFy4cw 5_
DPFz4©F (vF iFuPh4vf 6F/Fv i rI nhf©P_
hscPf () z4©f/y f4ws Fu , l hfvf Dyf.
4y vFD©. F©PvF/ (Fc©Py (y 4©. /Fw4Pf. 4P Psf
5fec©©c©e 4©. f©. Fu f4ws Oc©f vFh Fu Psf z/FP nsf
panels were georeferenced in the ield during im
age acquisition using the high-resolution diferential 
(i
nsf p i yFuPh4vf pD4©PDl i fOf/Fzlf©P

nf4l pD4©PDl i fFev4zscw ©uFvl4PcF©
i_yPfl  zf© iFDvwf fFyz4Pc4/ FD©.4PcF© (vFofwP
sPPz Uecy FyefF Fve h4y Dyf. PF efFvfufvf©wf Psf
lFy4cwy DPc/cMc©e ( hscPf z4©f/ wFFv.c©4Pfy c©
Psf efFvfufvf©wc©e z/Dec© Psc© z/4Pf yz/c©f n(i
uD©wPcF© h4y 4zz/cf. Dyc©e 4 ©f4vfyP ©fces5Fv vfy4
lz/c©e lfPsF. PF vf©.fv Psf efFlfPvcw4//_ wFvvfwP
f. lFy4cw N ) O4/Dfy hfvf Psf© w4/wD/4Pf. uvFl
Psf lD/PcyzfwPv4/ lFy4cw 4P4 faPv4wPcF© uFv yc©e/f
z/4©Py h4y zfvuFvlf. uvFl Psf N ) l4zy hcPs 4©
ol Màa .fOf/Fzf. 4/eFvcPsl F© S4P/45 yFuPh4vf z/4P
form (MATLAB version 7.11.0.584, (2010), The Math
:Fvmy ©w 5_ lf4©y Fu 4Ofv4ef O4/Dfy wF©P4c©f.
c© , l zF/_eF©y 4/F©e Psf vFh 4afy wf©
Pfvf. F© f4ws efFvfufvf©wf. Oc©f nsf zF/_eF© ycMf
h4y wsFyf© c© Fv.fv PF 5fPPfv .cyPc©eDcys f4ws z/4©P
from the adjacent ones, providing a bufer of 0.40 m 
5fPhff© wF©yfwDPcOf Oc©fy 4y 4 wF©yfUDf©wf Fu Psf
Oc©f yz4wc©e Fu , l nsf sFlFef©fcP_ Fu Psf
w4©Fz_ 4©. Psf 4O4c/45c/cP_ Fu sces yz4Pc4/ vfyF/DPcF©
cl4efy 4//Fhf. wFvvfwP faPv4wPcF© Fu Psf zDvf w4©Fz_
pixels of sample vines, and veriication of the exclu
ycF© Fu zcaf/y Fu Psf D©.fv/_c©e ev4yy Fv 54vf yFc/

Statistical analysis

iP4PcyPcw4/ 4©4/_ycy Fu Psf zvD©c©e hFF. hfcesP
4©. /f©ePs 4©. N ) .4P4 hfvf 4©4/_Mf. 5_ F©f
h4_ N ) hcPs r iP4P r (vFofwP uFv iP4PcyPcw4/
FlzDPc©e hhhr zvFofwP Fve Sf4©y hfvf Psf©
yfz4v4Pf. Dyc©e Psf nDmf_Ly i PfyP 4P ≤0.05. Pre
.cwPcOf zFhfv Fu t ) h4y yP4PcyPcw4//_ fO4/D4Pf.
by comparing, for each light of 2012, the symptom 
w/4yyfy If4u z4v4lfPfvy yPFl4P4/ wF©.DwP4©wf /f4u
temperature and lavonoid content) were analyzed 
5_ F©f h4_ N ) 4P ≤0.05.

Results

Climate analysis

wwFv.c©e PF Psf :c©m/fv c©.fa :c©m/fv fP 4/
1974; Hall and Jones 2010) and other bioclimatic in
.cwfy De/c© ©.fa iDl Fu .4c/_ Pflzfv4PDvf fa
wDvycF© /4.yPF©fy ©.fa wDlD/4PcOf v4c©u4// yDl
Fu .4c/_ lc© l4a 4©. lf4© Pflzfv4PDvfy ©Dl5fv
Fu .4_y Fu Pflzfv4PDvfy FOfv @ Psf evFhc©e yf4
yF© Fu ysFhf. 4 scesfv Psfvl4/ vfeclf Ps4©

n45/f ceDvf
nsf evFhc©e yf4yF© h4y .v_ ws4v4wPfvcMf.

by high temperatures (37 d above 35°C), minimum 
v4c©u4// fOf©Py wF©wf©Pv4Pf. c© zvc/ 4©. S4_ 4©.
4© faPvflf yDllfv .vFDesP ©F lFvf Ps4© ll
Fu v4c© 5fPhff© 2D©f 4©. DeDyP nsf yf4
yF© F© Psf FPsfv s4©. s4. sces PFP4/ v4c©u4// hf//
.cyPvc5DPf. PsvFDesFDP Psf _f4v hcPs vFh
c©e fevff 4_y hscws h4y /fyy Ps4© Psf zvfOcFDy
_f4v h4y 4 hfP yf4yF© hcPs lF.fv4Pf Pflzfv
4PDvfy F©/_ . hcPs Pflzfv4PDvfy 45FOf @
© yDll4v_ 4©4/_Mc©e Psf fazfvclf©P4/ zfvcF.
wF©.cPcF©y hfvf yclc/4v .Dvc©e zvc/ 4©. S4_ c©

Table 1. cFw/cl4Pcw c©.cwfy .Dvc©e Psf zfvcF. 5fPhff© Psf _f4vy T

Year WIa HIa SETa GIa Rainb

01/03–31/08
min

STc

max
mean

Days 
Tmax>35°C d

01/03–31/08

257 3739 37
1715 1715 4799

4 : :c©m/fv ©.fa De/c© ©.fa i n iDl Fu .4c/_ Pflzfv4PDvf fawDvycF© /4.yPF©fy ©.fa
5 DlD/4PcOf v4c©u4// T
w in iDl Fu .4c/_ lc© l4a 4©. lf4© Pflzfv4PDvfy inlc© inl4a inlf4©
. NDl5fv Fu .4_y Fu Pflzfv4PDvfy FOfv @ T
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e gnnoFà fP 4/

5FPs yf4yF©y hcPs lF.fv4Pf v4c©u4// 4©. lF.fv4Pf
Pflzfv4PDvfy hsc/f Psf yDllfv lF©Psy hfvf sFP
4©. .v_ c© hsc/f Psf_ hfvf lF.fv4Pf 4©. hfP
c©

Image processing analyses

:cPs Psf wFl5c©f. Dyf Fu Psf t ) vflFPf yf©y
ing platform and dif erential GPS, NDVI maps with 
sces vfyF/DPcF© F© Psf evFD©. l zcaf/y hfvf
F5P4c©f. nsfyf 4//Fhf. 4wwDv4Pf 4©4/_yfy 4P yc©e/f
z/4©P /fOf/ nsf 4/eFvcPsl .fOf/Fzf. c© Psf S4P/45
platform allowed precise row identii cation and 
.4P4 faPv4wPcF© uFv f4ws z/4©P uvFl Psf N ) l4z
ceDvf Fv f4ws Oc©f 54yf MF©4/ yP4PcyPcwy lf4©

lc©clDl l4aclDl 4©. yP4©.4v. .fOc4PcF© hfvf
w4/wD/4Pf. vf/4PcOf PF f4ws zcaf/ wF©P4c©f. c©yc.f Psf
dif erent polygons.

Comparison between fi eld ground observation and 
UAV-based remote sensing NDVI

Stomatal conductance of leaves was signii cantly 
/fyy c© Oc©fy wFlz4vf. PF Oc©fy hsc/f /f4u Pfl
perature in A vines was signii cantly greater than in 
Oc©fy ceDvf Sf4© FzPcw4/ fyPcl4PcF© Fu zsf

nolic compounds showed signii cant dif erences 
5fPhff© 4©. Oc©fy ≤0.0001), with 
greater mean l avonoid values in the A vines (1.98 ± 
0.10) compared with the C vine samples (1.85 ± 0.16).
nsf 4©4/_ycy Fu Psf zvD©c©e hFF. w4vvcf. F© Psf

/f©ePsy 4©. uvfys hfcesPy Fu Psf ysFFPy c© Psf Psvff
Oc©f w/4yyfy ysFhf. Ps4P lf4© /f©ePsy Fu w4©fy uvFl
C vines (49.7 cm ± 3.9) were signii cantly greater than 
those from A vines (46.1 cm ± 3.6; F = 13.8, 
and symptomatic (42.7 cm  ± 3.6; F = 52.19, 
ceDvf nsf lf4© hfcesPy Fu Oc©f w4©fy

g ± 6.8) were signii cantly longer than those from A 
vines (32.1 g ± 6.6; F = 49.95, Fv i Oc©fy
g ± 5.0; F = 142.4, ceDvf Sf4© hfcesPy
4©. /f©ePsy Fu zvD©c©e hFF. ysFhf. 4 w/f4v ©fe4
PcOf Pvf©. uvFl PF i Oc©fy ceDvf

Figure 7 presents the NDVI values of the three 
vine classes (C, A and S) for 2012 and 2013, coni rm-
c©e Pscy ©fe4PcOf Pvf©. vf4Pfv N ) O4/Dfy hfvf
vfwFv.f. uFv sf4/Ps_ Oc©fy 4©. /Fhfv N )
O4/Dfy FwwDvvf. uFv y_lzPFl4Pcw Oc©fy i © 5FPs
_f4vy Psf 4y_lzPFl4Pcw z/4©Py hfvf ws4v4wPfv
cMf. 5_ /Fhfv N ) O4/Dfy Ps4© sf4/Ps_ y4lz/fy

N ) O4/Dfy 4wUDcvf. c© hfvf evf4Pfv Ps4©
c© Psf .v_fv yf4yF©
nscy Pvf©. wFD/. c©.cw4Pf 4 lfPsF. PF .cywvclc

©4Pf 5fPhff© zFyyc5/_ sf4/Ps_ Oc©fy 4©. PsFyf Ps4P
4vf m©Fh© PF 5f c©ufwPf. yc©wf Psf 4y_lzPFl4Pcw
Oc©fy s4. .cyz/4_f. Ii uF/c4v y_lzPFly c© Psf
z4yP ©FO4 4©4/_ycy n45/f ysFhy Ps4P Psf t )
4zzvF4ws wFvvfwP/_ .cywvclc©4Pf. ≤0.05) sf4/Ps_
Oc©fy uvFl 4y_lzPFl4Pcw 4©. y_lzPFl4Pcw Oc©fy
4©. 4y_lzPFl4Pcw uvFl y_lzPFl4Pcw Oc©fy ≤0.05) 
for each year, also in dif erent meteorological condi-
PcF©y nsf .cywvclc©4PcF© c©wvf4yf. .Dvc©e f4ws yf4
son: NDVI data analysis showed signii cant dif er-
f©wfy ≤0.05) since the beginning of the monitoring 
zfvcF. S4_ c© 4©. 2D©f c© hcPs l4ac
mum dif erences between each class in the last l ight 
4wUDcycPcF© c© 2D/_ c© 5FPs _f4vy
nscy vfyD/P yDeefyPy Ps4P uDvPsfv 4©4/_ycy ysFD/.

5f w4vvcf. FDP PF .fPfvlc©f cu t ) vflFPf yf©yc©e
.4P4 w4© zvFOc.f c©uFvl4PcF© 45FDP Psf F©yfP Fu
Ii y_lzPFly vFD©. F5yfvO4PcF©y 4P hffm/_

Figure 3. /cl4Pf 4©4/_ycy vfzFvP /cl4Pf .4P4 uFv
5/4wm 4©. hscPf lF©Ps/_ lf4© Pflzfv4PDvf
4©. PFP4/ lF©Ps/_ v4c©u4//
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c©PfvO4/y hfvf w4vvcf. FDP c© Psf yf4yF© PF zvF
.Dwf 4wwDv4Pf 4©4/_ycy Fu Psf zvf.cwPcOf 4zzvF4ws
F© Psf .4P4 N ) .4P4 Fu w/4yyfy wF©PvF/
4y_lzPFl4Pcw 4©. i y_lzPFl4Pcw hfvf wFl

pared to another class, that we dei ne X, including 
F©/_ Psf Oc©fy Ps4P .fyzcPf 5fc©e 4y_lzPFl4Pcw 4P
the l ight time, showed symptoms just 2–3 weeks af-

ter each UAV l ight. Data analysis (Table 3) shows 
Ps4P Psf vflFPf yf©yc©e lfPsF.F/Fe_ 4/h4_y c.f©
tii ed apparently healthy vines that were going to 
ysFh y_lzPFly c© Psf uF//Fhc©e ufh hffmy nscy
4zzvF4ws s4. Psf 5fyP vfyF/DPcF© ≤0.05) both in 
2D©f 4©. 2D/_ PF .cywvclc©4Pf 4©. 0 w/4yy
while no signii cant correlation could be detected in 
S4_ DvPsfvlFvf Psf 0 w/4yy Oc©fy eFc©e PF 5f yFF©
y_lzPFl4Pcw hfvf UDcPf w/Fyf PF Psf i w/4yy y_lz
PFl4Pcw Oc©fy

Discussion

Climate was identii ed as an important distin-
eDcysc©e f/flf©P 5fPhff© Psf PhF evFhc©e yf4
yF©y c©OfyPce4Pf. c© Pscy yPD._ 4©. lfPfFvF/Fecw4/
parameters are known to have a crucial inl uence 
F© OfefP4PcOf vfyzF©yf Fu ev4zfOc©fy S4Pfyf gc
od h4y 4 Ofv_ /Fh v4c©u4// _f4v hsc/f

s4. sces v4c©u4// hscws h4y hf// .cyPvc5DPf.
PsvFDesFDP Psf yf4yF© nscy lFyP /cmf/_ yPclD/4Pf.
Psf OfefP4PcOf lfP45F/cyl Fu Psf z/4©Py c©
which maintained a photosynthetic ei  ciency of the 
w4©Fz_ D©Pc/ Psf f©. Fu ifzPfl5fv (4//cFPPc gc od

© F© Psf FPsfv s4©. Psf evf4PfyP N )
O4/Dfy hfvf vf4wsf. c© 2D/_ P cy Ofv_ /cmf/_ Ps4P /f4u

Figure 4. Image processing workl ow. A, visible image, B, multispectral image, C, NDVI image, D, row detection and plant 
faPv4wPcF© .4P4 FDPzDP

Figure 5.� vFD©. 54yf. fwFzs_ycF/Fecw4/ lf4yDvflf©Py
iPFl4P4/ wF©.DwP4©wf ey 4©. /f4u Pflzfv4PDvf hfvf vf
wFv.f. Dyc©e 4© c©uv4vf. e4y 4©4/_yfv F© sf4/Ps_ 4©.
4y_lzPFl4Pcw ev4zfOc©fy
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metabolism was afected by the disease history of 
Psf Oc©fy Of© hsf© OcyD4//_ uD//_ c©.cyPc©eDcys
45/f /f4Ofy Fu 4y_lzPFl4Pcw Oc©fy s4. 4/Pfv4PcF©y
vf.Dwf. yPFl4P4/ wF©.DwP4©wf 4©. c©wvf4yf. /f4u
Pflzfv4PDvf (fPcP gc od Ps4P hfvf vf/4Pf. PF
Psf vf.Dwf. N ) O4/Dfy F5P4c©f. 5_ vflFPf yf©y
ing. Diferences between healthy and asymptomatic 
z/4©Py 4/yF flfvef. uvFl Psf zvf/clc©4v_ vfyD/Py F©

fzc.fvl4/ zF/_zsf©F/ wF©Pf©Py nsf vF/f Fu zsf©F/cw
wFlzFD©.y c© Psf .fuf©yf lfws4©cyl zvFPfwPc©e
ev4zfOc©f 4e4c©yP Psf uD©ec c©OF/Of. c© fyw4 .cy
f4yf 4©. 4e4c©yP ev4zfOc©f z4PsFef©y c© ef©fv4/
s4y 5ff© hf// faz/Fvf. 5_ yfOfv4/ 4DPsFvy f/ rcF gc
od I4PP4©McF gc od., 2006; Amalitano gc od
I4l5fvP gc od P wFD/. 5f s_zFPsfycMf. Ps4P
the accumulation of lavonoids within the asympto
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Figure 6. Mean lengths and fresh weights of the cane portion between the 2nd and 7th nodes from the base of canes grown 
in the 2012 season and collected at pruning in January 2013, from vines classiied in the 2012 growing season in the three 
w/4yyfy wF©PvF/ 4/h4_y y_lzPFl4Pcw Fv 4y_lzPFl4Pcw

Figure 7.�rf/4PcF©yscz 5fPhff© N ) .4P4 4©. evFD©. F5yfvO4PcF©y Faz/FP ev4zscw4/ FDPzDP Fu Psf wFvvf/4PcF© 5fPhff©
N ) O4/Dfy 4©. Ii y_lzPFly uFv S4_ 2D©f 4©. 2D/_ Fu 4©. nsf ev4zs ysFhy 4 ©fe4PcOf Pvf©. c© N )
hcPs evf4Pfv O4/Dfy c© sf4/Ps_ Oc©fy 4©. /fyyfv O4/Dfy c© y_lzPFl4Pcw Oc©fy i hcPs c©Pfvlf.c4Pf O4/Dfy uFv Psf
4y_lzPFl4Pcw Oc©fy
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l4Pcw z/4©P /f4Ofy cy Psf vfyzF©yf Fu c©ufwPf. z/4©Py
Ps4P s4Of 5ff© 45/f PF zvfOf©P Psf l4©cufyP4PcF© Fu
y_lzPFly .Dvc©e Psf evFhc©e yf4yF©
nsf yP4PcyPcw4/ 4©4/_yfy Fu Psf .4P4 wF//fwPf. c©
4©. ysFhy Ps4P Psf Ofv_ sces vfyF/DPcF©

lD/PcyzfwPv4/ cl4efy 4wUDcvf. 5_ t ) w4© .cywvclc
nate diferent stress levels in grapevines, in relation 
PF Psf OcyD4/ y_lzPFly Fu Ii © z4vPcwD/4v ce
ure 7 shows good distinction between healthy plants 

4©. y_lzPFl4Pcw z/4©Py i c© 5FPs _f4vy Fu
this study, despite the diferent climatic conditions 
Fu Psf PhF evFhc©e yf4yF©y nsf ws4v4wPfvcM4PcF©
Fu 4y_lzPFl4Pcw z/4©Py cy yPc// vf/4PcOf/_ D©fa
z/Fvf. c© Psf /cPfv4PDvf 5DP zvf/clc©4v_ vfyD/Py wF©
irm that the median of values of NDVI of asymp
PFl4Pcw Oc©fy cy c© 4© c©Pfvlf.c4Pf zFycPcF© hcPs vf
yzfwP PF Psf lf.c4© Fu Psf FPsfv PhF .cyf4yf w/4yyfy
4/PsFDes hcPs 4 z4vPc4/ FOfv/4z Fu 5Faz/FPy nscy

c©Pfvlf.c4Pf zFycPcF© 4/yF w/f4v/_ flfvefy uvFl Psf
.4P4 Fu w4©f /f©ePsy 4©. hfcesPy F5P4c©f. .Dvc©e 4
yf4yF© hsf© Oc©fy s4. 5ff© y_lzPFl4Pcw 4y_lzPF
matic, disease-free (“control” vines). It is well known 
Ps4P 4 Oc©f ysFhc©e y_lzPFly F©f evFhc©e yf4yF©
l4_ ©FP ysFh y_lzPFly c© Psf ©faP 4©. wF©Pc©Dfy
PF ecOf eFF. UD4/cP_ hc©f NfOfvPsf/fyy Psf OceFDv
of these vines is afected, as growth and wood pro
.DwPcF© 4vf vf.Dwf. hcPs 4 w/f4v Pvf©. c© Psfyf z4
v4lfPfvy uvFl wF©PvF/ PF y_lzPFl4Pcw Oc©fy 4©f
hfcesPy 4©. /f©ePsy hfvf /fyy uFv Psf y_lzPFl4Pcw
Oc©fy 4y fazfwPf. evf4Pfv uFv Psf wF©PvF/ Oc©fy Ps4P
s4. ©fOfv ysFhf. y_lzPFly 4©. c©Pfvlf.c4Pf c©
Psf 4y_lzPFl4Pcw Oc©fy hscws s4. 5ff zvfOcFDy/_
y_lzPFl4Pcw Oc©fy nsfyf .4P4 vf/4Pf w/Fyf/_ PF Psf
N ) ev4.cf©P vfwFv.f. Dyc©e t ) 4yycyPf. vflFPf
yf©yc©e
nsf 4©4/_ycy Fu lfPfFvF/Fecw4/ wF©.cPcF©y wF©

irmed substantial diferences between the two sea
sons (Table 1), which were relected in plant vigour. 
nsf yf4yF© h4y ws4v4wPfvcMf. 5_ sces Pflzfv4
PDvfy 4©. lc©cl4/ zvfwczcP4PcF© 4©. zvF.Dwf. yce
niicantly lower NDVI values than recorded in the 
2013 season (Figure 5). Table 2 shows diferences be
tween healthy and diseased plants, but these difer
f©wfy hfvf lFvf fOc.f©P hsf© Psf uF/c4v y_lzPFly
drastically lowered the photosynthetic eiciency, 
4©. hfvf lFyP zvF©FD©wf. c© 2D/_ hsf© y_lzPFly
zvFevfyycOf/_ c©wvf4yf. F© Psf uF/c4ef n45/f fa
z/Fvfy 4© fazfvclf©P4/ 4zzvF4ws hsfvf Psf y4lz/f
Fu z/4©Py h4y vf.Dwf. PF wF©yc.fv F©/_ Psf z/4©Py
Ps4P hFD/. l4©cufyP y_lzPFly 4uPfv T hffmy nsf
y4lz/f cy /clcPf. PF 45FDP T z/4©Py zfv lF©Ps
but this conirms the indings of other authors (Ber
P4lc©c gc od svcyPf© gc od., 2007; Letousey gc od

S4PPcc gc od S4e©c© rF5fvP gc o
4/4l4c gc od nsf_ ysFhf. Ps4P 4/Pfv4PcF©
Fu Psf zsFPFy_©PsfPcw 4wPcOcP_ Fu Psf /f4Ofy FwwDvy 4
ufh hffmy 5fuFvf Psf F©yfP Fu Ii y_lzPFly yDe
efyPc©e Ps4P uDvPsfv faz/Fv4PcF© Fu vflFPf yf©yc©e
lfPsF.F/Fe_ wFD/. 5f DyfuD/ uFv Psf .fOf/Fzlf©P
Fu .cyf4yf uFvfw4yPc©e lfPsF.y 4©. uDvPsfv zFPf©
Pc4/ 4zz/cw4PcF©y © Psf zvfyf©P yPD._ 4 sFlFef©f
FDy Oc©f_4v. z/FP h4y Dyf. Ps4P h4y yl4// 5DP s4.
5ff© lF©cPFvf. yc©wf 4P yc©e/f z/4©P /fOf/ nscy
h4y PF vf.Dwf FPsfv O4vc45/fy Ps4P wFD/. 4/Pfv Psf
.4P4 4©4/_yfy © Pscy h4_ cP h4y zFyyc5/f PF 4PPvc5DPf
changes of photosynthetic eiciency of the canopy 
PF Psf F©yfP Fu Ii y_lzPFly 5_ faw/D.c©e FPs
fv zFPf©Pc4/ w4Dyfy Fu 5cFPcw Fv 45cFPcw yPvfyyfy nsf

Table 2. fPfwPcF© zFhfv Fu t ) lfPsF.F/Fe_ h4y yP4
PcyPcw4//_ fO4/D4Pf. F©f h4_ N ) nDmf_Ly i PfyP
4P ≤0.05) by comparing for each light of 2012 and 2013, 
N ) .4P4 Fu w/4yyfy wF©PvF/ 4y_lzPFl4Pcw 4©. i
y_lzPFl4Pcw

Plant category
May 
2012

June 
2012

July 
2012

June 
2013

July 
2013

F©PvF/ 4 4 4 4 4
y_lzPFl4Pcw 5 5 5 5 5
i_lzPFl4Pcw © . 4 w w w w
4 © . ©F y_lzPFl4Pcw Oc©fy .fPfwPf. c© S4_

Table 3. (vf.cwPcOf zFhfv Fu t ) h4y yP4PcyPcw4//_ fO4/D
4Pf. F©f h4_ N ) nDmf_Ly i PfyP 4P ≤0.05) by 
comparing, for each light of 2012, classes C (control), A 
(asymptomatic), X (asymptomatic vines at light time that 
showed symptoms 2–3 weeks after the light) and S (symp
PFl4Pcw

Plant 
category

May 2012 June 2012 July 2012

4 4 4
4 5 45

0 4 5w 5
i © . 4 w 5
4 iff n45/f
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fazfvclf©P4PcF© Dyf. sfvf faz/Fvf. Psf vf/4PcF©
yscz 5fPhff© vflFPf/_ 4wUDcvf. N ) O4/Dfy 4©.
y_lzPFly Fu Ii F5P4c©f. 5_ OcyD4/ F5yfvO4PcF©
Fu 5FPs Psf y_lzPFl4Pcw z/4©Py 4©. PsFyf Ps4P hfvf
asymptomatic in the year in which the ield survey 
h4y w4vvcf. FDP nsfyf 4y_lzPFl4Pcw z/4©Py hFD/.
s4Of 5ff© c©wFvvfwP/_ wF©yc.fvf. 4y sf4/Ps_ z/4©Py cu
Psf .cyf4yf scyPFv_ Fu Psf Oc©f_4v. h4y ©FP m©Fh©

Conclusions 

nsf lfPsF.F/Fe_ FDP/c©f. c© Pscy z4zfv s4y
zvF.Dwf. O4/D45/f vfyD/Py Ps4P c©.cw4Pf ©fh zFy
yc5c/cPcfy uFv Psf Dyf Fu vflFPf yf©yc©e Pfws©F/Fecfy
uFv zvfwcycF© OcPcwD/PDvf t ) uf4PDvfy yDws 4y /Fh
wFyP w4z45c/cP_ Fu Pclf/_ zvFOcycF© Fu sces vfyF/D
tion images, and lexibility of use in light planning, 
zvFOc.f 4© 4zzvF4ws Ps4P w4© 5f f4yc/_ 4zz/cf. uFv
c©OfyPce4PcF© 4©. .cyf4yf wF©PvF/ yPv4Pfe_ z/4©©c©e
c© Oc©f_4v.y nsfyf lfPsF.y 4vf /cmf/_ PF 5f DyfuD/
5FPs uFv vfyf4vws 4©. uFv zv4wPcw4/ 4zz/cw4PcF©y c©
hc©f zvF.DwPcF© nsf vfyD/Py Fu N ) .4P4 4©4/_
yfy vfOf4/f. c© PhF evFhc©e yf4yF©y Ps4P 4y_lzPF
l4Pcw Oc©fy c© Psf _f4v Fu Psf F5yfvO4PcF© hfvf .cy
Pc©eDcysf. uvFl Psf z/4©Py Ps4P s4. ©fOfv ysFhf.
uF/c4v y_lzPFly uvFl PF nscy 4//Fhf. Psf
s_zFPsfycy Ps4P c© Psf 4y_lzPFl4Pcw Oc©fy Psf yzfw
tral diferences cannot be detected by in the human 
Ocyc5/f yzfwPvDl 5DP 4vf .fPfwP45/f c© Psf ©f4v c©uv4
vf. h4Of/f©ePs N r Dyf. 5_ Psf .fPfwPcF© y_yPfl
and therefore can be identiied and discriminated 
from the “healthy” vines (category “C”). However, 
4..cPcF©4/ fazfvclf©P4PcF© hc// 5f vfUDcvf. 4wvFyy
diferent growing seasons and climatic conditions, 
to validate and conirm this hypothesis, and to pro
Oc.f 4 DyfuD/ PFF/ uFv f/Dwc.4Pc©e wFlz/fa 4©. ©FP
uD//_ D©.fvyPFF. .cyf4yf ©4/_ycy Fu N ) cl4efy
could allow prompt identiication of the early stages 
Fu Psf y_lzPFly fOf© 5fuFvf Psf_ w4© 5f OcyD4//_
.fPfwPf. FhfOfv Psf N ) lf4yDvflf©Py s4Of
w/f4v /clcPy 5fw4Dyf Psf_ zvFOc.f c©.cwfy w4z45/f Fu
identifying alterations in photosynthetic eiciency, 
5DP .F ©FP .cywvclc©4Pf Psf w4Dyfy Fu 5cFPcw Fv 45c
otic stress alicting plants. Our work has been pos
yc5/f 5fw4Dyf Psf fazfvclf©P4PcF© wFD/. 5f w4vvcf.
FDP F© 4 y4lz/f Fu z/4©Py lF©cPFvf. c© .fP4c/ yF Ps4P
other causes of stress could be eliminated, conirm
c©e Ps4P 4/Pfv4PcF©y Fu N ) hfvf faw/DycOf/_ /c©mf.
PF y_lzPFly Fu Ii P hc// 4/yF 5f zFyyc5/f PF c©
Pfev4Pf FDv y_yPfl hcPs ©fh FzPcw4/ Pfws©F/Fecfy

yDws 4y 4 s_zfvyzfwPv4/ w4lfv4 nscy zFhfvuD/ yf©
yFv 4//Fhy UD4/cP4PcOf lf4yDvfy F© y_lzPFl4Pcw /f4u
yzfwPv4/ vfyzF©yfy hcPs Ofv_ sces .fP4c/ uDPDvf
zfvyzfwPcOf hc// 5f PF c.f©Pcu_ Psf yzfwPv4/ yce©4PDvf
speciic for GLSD symptoms, to strictly discriminate 
Ii uvFl FPsfv Oc©f_4v. yPvfyyfy Fv .cyf4yfy 4v/_
.fPfwPcF© wFD/. 4/yF yDzzFvP Psf z/4©©c©e 4©. PfyP
ing of economically rewarding ield treatments, or 
the application of speciic control methods on the 
yc©e/f Oc©fy 5fuFvf Psf_ ysFh Psf y_lzPFly nsf 4z
z/cw4PcF©y Fu yDws 4 zvf.cwPcOf PFF/ wFD/. Fzf© ©fh
zfvyzfwPcOfy c© Psf m©Fh/f.ef 4©. wF©PvF/ Fu Pscy
clzFvP4©P ev4zfOc©f .cyf4yf hcPsc© Psf c©wvf4yc©e
.fOf/Fzlf©P Fu Psf zvfwcycF© 4evcwD/PDvf 4zzvF4wsfy
c© OcPcwD/PDvf
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Grapevine trunk diseases (GTDs) are a group of diseases of grape-
vine caused by several fungal pathogens (Table 1) that live in and col-
onize the wood of the perennial organs causing wood necrosis, wood
discoloration, vascular infections, and white decays (Bertsch et al.
2013; Mugnai et al. 1999). Affected vines show, externally, a general
and progressive decline (delayed budburst, dead buds, dieback, stunted
development, chlorosis, apoplexy, etc.) often associated with specific
foliar symptoms according to the different diseases, that initially can
cause loss of productivity and eventually death of the vine (Fig. 1).
One of the oldest of these diseases, known as “Esca,” was the

white rot caused by basidiomycetes, to which several symptoms in
the crown had been linked. In the early 1990s, this was shown to
be just one manifestation of a larger problem, a complex of different
diseases known as the Esca complex. Many actors are involved: dif-
ferent pathogens, causing different wood symptoms and interacting
with the vine, the environment, and each other in different and still
not clear ways (Box 1). These different diseases overlapping in the
same vine or developing at different stages of the vine life were soon
recognized as forming one of the most important problems in grape-
vine growing areas. Due to the various names often used in the liter-
ature during these 15 years, here we use “Esca complex” to generally
indicate the target pathogens of the tests, when not differently
specified and addressing to the relative papers for further and more
specific information.

Since the 1970s, Eutypa dieback (formerly Eutypa dead arm) has
been recognized as causing damage in some regions, especially in
Australia, France, and California (Carter 1991; Carter and Price
1977;Munkvold et al. 1994; Péros and Berger 1994). When attention
and research on GTDs and on their agents increased (Chiappara
2000), the importance of other canker agents, causing black dead
arm (BDA, caused by Diplodia mutila) or Botryosphaeria dieback,
became widely recognized (Phillips 2002; Urbez-Torres 2011).
Nowadays, GTDs are seen as a serious threat to viticulture world-
wide. A recent International Organisation of Vine and Wine (OIV)
publication reported that in Italy, depending on the cultivar, on 15-
to 18-year-old plants, incidence of GTDs ranged from 8 to 19%
and around 10% in Spain. In France alone, approximately 13% of
French vineyards are unproductive, with losses estimated at around
€1 billion in 2014. In California, losses of at least US $260 million
per year have been attributed to trunk diseases, while in Australia,
mainly Eutypa dieback is responsible for damages of AU $8.3 billion
to the wine industry (Fontaine et al. 2016a). Different causes could
be considered responsible for the increasing incidence of GTDs
(Lecomte et al. 2012; Surico et al. 2004) and among these, changes
in cultural practices are surely a major inciting factor (Graniti et al.
2000): the lack of effective strategies and means to control these dis-
eases surely contributed to their becoming widespread in all vine-
growing areas.
In some countries in Europe, such as France, Portugal, and Spain,

the sole product available to reduce the foliar symptoms within the
Esca complex diseases (GLSD, Esca proper) was, for some decades,
sodium arsenite. Despite this, incidence of the disease increased
throughout Europe starting from the end of the 1980s. After the de-
finitive ban of sodium arsenite in Europe in 2003, due to its high risks
for humans and the environment (Larignon et al. 2008; Spinosi et al.
2009), no other control measure or any active ingredient (a.i.) was
available to reduce the impact of the Esca complex. Meanwhile,
the control of Eutypa and Botryosphaeria diebacks was based on
pruning wound protection by treatments with carbendazim and ben-
omyl (Magarey and Carter 1986; Ramsdell 1995). The banning of
the two latter substances inmost viticultural areas, especially in Europe,
also put these two GTDs in the same situation as Esca complex. Dur-
ing the last decades, a large portion of research efforts was devoted to
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selecting a.i.s and biological control agents (BCAs) able to limit or
control GTDs by reducing wood infections.
This review does not cover the complexity of control strategies for

GTDs, but aims to explain the main achievements of the scientific
community worldwide in the search for products, i.e., a.i.s and
BCAs, to control GTDs. After a short introduction on the problematic
aspects of GTD control, the first part will be focused on a.i.s (organic
and inorganic, natural or synthetic), and the second part on the trials
with BCAs tested in the last 15 years. For each one, the methodology
used and the results obtained against Botryosphaeria dieback, Esca
complex, and Eutypa dieback in both vineyard and nursery are re-
ported (Fig. 2). In the meantime, their efficacy and their sustainability
for the winegrowers and the environment are discussed.

The Complexity of GTDs in Brief
The control of GTDs represents a big challenge for winegrowers,

nurserymen, technicians, and scientists, mainly because of their com-
plexity compared with other grapevine diseases such as powdery and
downy mildew. In field trials, one of the intriguing and problematic
aspects of GTDs is related to their undetermined latency period
(asymptomatic status). All these diseases are linked to several wood
pathogens able to infect the vines through wounds in the nursery or
through pruning wounds in the field, causing wood discoloration and
necrosis (Bertsch et al. 2013; Mugnai et al. 1999). Some of them also

cause visible foliar symptoms.When the first external foliar symptoms
occur, the wood may already be severely compromised (Calzarano
and Di Marco 2007), giving few chances for viticulturists to reduce
disease impact in the vineyard. This problematic aspect is confounded
by the “erratic” behavior of the foliar symptoms displayed, especially
for diseases in the Esca complex (GLSD, Esca proper). In the same
vine, symptoms may appear in year n and not in year n+1, under the
influence of environmental, climatic, and cultural factors (Marchi
et al. 2006; Murolo and Romanazzi 2014; Sosnowski et al. 2011;
Van Niekerk et al. 2011a) and that can lead to an underestimation
of the real incidence in the vineyard in any given year. Latent infections
are also dangerous in the propagation process since infected asymp-
tomatic cuttings can transfer GTD pathogens by cross-contamination
during the several steps of plant production (hydration, cold storage,
grafting, callusing, etc.). If these infections are not controlled, an un-
suspected spread of infected plants first in the nursery and then in the
vineyard could occur (Aroca et al. 2010; Gramaje and Armengol 2011;
Gramaje and Di Marco 2015).
The studies on GTDs conducted in several wine-growing areas

worldwide have shown the large number of fungal genera and spe-
cies associated with the diseases in the Esca complex, Eutypa and
Botryosphaeria dieback, which are often different based on climate
and geographical areas (Fischer 2006; Mostert et al. 2006; Van
Niekerk et al. 2011a). These studies have also demonstrated how

Table 1. Fungal wood pathogens isolated from wood showing discoloration, necrosis, or decays of grapevines affected by major grapevine trunk diseases
(Esca complex diseases, Botryosphaeria dieback, or Eutypa dieback). Species that proved pathogenic, at least as discoloration or necrosis agents, by
artificial inoculations are indicated in bold (revised and adapted from Carlucci et al. 2015; Cloete et al. 2014; Úrbez-Torres 2014).

Family Genus Species

Botryosphaeriaceae Botryosphaeria B. dothidea
Diplodia D. corticola, D. mutila, D. seriata
Dothiorella D. americana, D. iberica, D. sarmentorum,

D. vidmadera
Lasidiplodia L. citricola, L. crassipora, L. exigua,

L. mediterranea, L. missouriana,
L. theobromae, L. viticola

Neofusicoccum N. australe, N. luteum, N. macroclavatum,
N. mediterraneum, N. parvum, N. ribis,
N. viticlavatum, N. vitifusiforme

Phaeobotryosphaeria P. porosa
Spencermartinsia S. viticola

Phaeomoniellaceae Phaeomoniella P. chlamydospora
Togniniaceae Phaeoacremonium P. minimum, P. angustius, P. alvesii,

P. argentiniense, P. armeniacum,
P. australiense, P. austroafricanum,
P. canadense, P. cinereum, P. croatiense,
P.globosum, P. hispanicum, P. hungaricum,
P. inflatipes, P. italicum, P. iranianum,
P. krajdenii, P. mortoniae, P. occidentale,
P. roseum, P. scolyti, P. sicilianum,
P. tuscanum, P. venezuelense, P. viticola

Helotiales Cadophora C. luteo-olivacea, C. melinii
Hymenochaetaceae Fomitiporia F. australiensis, F. capensis, F.mediterranea,

F. polymorpha, F. punctata
Fomitiporiella F. vitis

Stereaceae Inocutis I. jamaicensis
Phellinus P. igniarius
Stereum S. hirsutum

Diatrypaceae Eutypa E. lata, E. laevata, E. leptoplaca, Eutypa sp.,
E. citricola

Eutypella E. cryptovalsoidea, E. microtheca, E. vitis,
Eutypella spp.

Cryptosphaeria C. lignyota, C. pullmanensis
Cryptovalsa C. amplelina, C. rabenhorstii
Diatrype D. brunneospora, D. oregonensis, D. stigma,

D. whitmanensis, Diatrype sp.
Diatrypella D. verrucaeformis, D. vulgaris

Pleurostomataceae Pleurostomophora P. richardsiae
Diaporthaceae Diaporthe D. ampelina, D. eres
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their life cycles are strictly connected with some cultural practices
typical of viticulture, especially dormant pruning. Pruning wounds
are the main point of entry for GTD pathogens into the vines.
Depending on the pathogen, wounds can remain susceptible to

infection by GTD pathogens for up to 2 to 4 months (Eskalen
et al. 2007a; Rolshausen et al. 2010; Serra et al. 2008; Van Niekerk
et al. 2011b). As the wood of diseased vines can be simultaneously
infected by various pathogens typically associated with different

Fig. 1. Symptomatology of the main grapevine trunk diseases (GTDs) occurring in adult vineyards. The different diseases included in the Esca complex have different symptoms but
some wood symptoms in common. In the vineyard, grapevine leaf stripe disease (GLSD) or Esca proper symptoms are visible in summer and the whole vine can show: A, leaf stripe
symptoms; A’, sudden wilting of the whole plant or part of the plant, i.e., apoplectic symptoms or apoplexy, a nonspecific but frequent symptom in older vineyards. B, A detail of the
typical tiger-stripe pattern of symptomatic leaves. The external symptoms of GLSD can also include minute black spots called “black measles” on berries (C). The wood of vines
affected by GLSD shows black spots, vascular streaking, discoloration, necrosis, and especially in vines more than 8 years old, can also show white decay (giving the complete
Esca proper syndrome including all wood and foliage symptoms associated with Esca complex) (D). The first symptoms of Botryosphaeria dieback (often confused with black dead
arm [BDA] by Diplodia mutila, and synonym of Botryosphaeria canker) are visible from budburst in spring and consist of dead spurs/buds and in a stunted or delayed growth (E). It
can also appear in a severe form similar to Esca apoplexy. Foliar symptoms, when present, can be similar to chlorosis or to Esca (F). Botryosphaeriaceous fungi could determine
also bunch rot on grapes (G). The wood of Botryosphaeria-infected plants shows the presence of brown necrotic sectors, typically arc-shaped and sectorial, wedge shaped
necrosis, (H). The external symptoms of Eutypa dieback (formerly Eutypiose) appear early in the vegetative season, with stunted shoots with shortened internodes (forming
witch’s broom symptoms) (I). Leaves are small, chlorotic, cupped, and deformed (J); the grapes on the affected canes do not form at all or are small, poorly developed,
and straggly (K). The internal wood of Eutypa-infected vines shows wedge-shaped grayish necrotic sectors, indistinguishable from Botryosphaeria dieback cankers (L).
Simultaneous presence of pathogens of different GTDs in the same vine can result in overlapping symptoms. (Esca pictures: A, B courtesy of Institute of Agriculture and
Tourism, Poreč, Croatia; A’ courtesy of Maurizio Gily, Italy; C courtesy of DRL Rheinpfalz, Germany; D courtesy of Plant pathology sector SAF dept., University of Palermo,
Italy. Botryosphaeria dieback pictures: E, courtesy of Feuga, Spain; F and G, courtesy of P. Larignon, France; H courtesy of Plant pathology sector SAF dept., University of
Palermo, Italy. Eutypa dieback pictures: I, courtesy of ADVID, Portugal; J, K courtesy of P. Larignon, France; L, courtesy of Eger Food and Wine Research Center, Hungary.)
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GTDs, the different internal and external symptoms can overlap. Fur-
thermore, some of the wood infections caused by GTD agents lead to
foliar symptoms due to physiological factors (Lecomte et al. 2012),
but also because of phytotoxins produced by the pathogens (Abou-
Mansour et al. 2015; Andolfi et al. 2011; Sparapano et al. 2000;
Tabacchi et al. 2000). In addition, grapevine cultivars differ in their
sensitivity to the development of foliar symptoms in some GTDs
even if no cultivar or species in the genus Vitis has been found to ex-
press complete resistance to GTDs (Bertsch et al. 2013; Guan et al.
2016).
Altogether, these factors are enough to complicate the linear rela-

tionship among symptom(s), disease diagnosis, and control strategy
that exists in other plant diseases. For GTDs, external symptoms are
not useful for rapid and early diagnosis. Diagnostic tools in terms of
traditional, molecular, and serological methods may lead to identifi-
cation of a group of associated pathogens with various virulence lev-
els according to species or even to strains and that could eventually
have different sensitivity to a specific a.i. or treatment. In this context,
the possibility of an efficient control of GTDs has worsened, as re-
ported before, by the lack of valid and simple control protocols.

Toward New Chemicals Through the Experience of
Sodium Arsenite
While themode of action of the two banned benzimidazoles, benomyl

and carbendazim, against fungi is well known (they bind to spindle mi-
crotubules, interfere with spindle formation, inhibit mitosis, and thus in-
hibit germ tube and mycelial growth), to date, no definitive mechanism
has been identified to explain how sodium arsenite acts in suppressing
foliar symptoms within Esca complex (GLSD, Esca proper) and has
some, even if lower, efficiency against Eutypa and Botryosphaeria die-
back (Larignon and Dubos 2001; Larignon et al. 2008). It can penetrate
into woody tissues and move inside the vine and has been found in sap,
leaves, bunches, and roots. It can remain within wood, especially rotten
wood, explaining the persistent effect even in years without treatment.
However, its concentration in sap (in the order of µg/liter) is insufficient
to inhibit fungal growth, which can be obtained in the laboratory only at
mg/liter concentrations (Larignon et al. 2008; Santos et al. 2006). Some
senescence effects (lower chlorophyll content and fluorescence levels)
and lower growth rate in plantlets due to sodium arsenite have been re-
ported (Santos et al. 2006), while no toxic concentrations were found
inside bunches or roots. The suppression of GLSD foliar symptoms

Box 1
The Esca complex of diseases.

The studies on Esca carried out from the 1980s have led to a deep revision of this trunk disease, on pathogens involved, and on symptom
expression, in particular. Since then, researchers collected information and clues to explain the complexity not only in the internal symptoms
but also in the association of the pathogens to different external symptoms, as only the wood symptoms could be reproduced by artificial
infections, while the external symptoms could not be fully reproduced. The interpretation of the data collected led to an evolution in the de-
scription of the disease and a succession of different proposals. The more recent one revealed Esca as a “complex of diseases,” charac-
terized by different diseases (in particular wood decay and a vascular disease) and different syndromes according to the stage of the vine
life, to the type of wood and foliar symptoms, and/or to the pathogens infecting and acting into the vine. The old denomination of “Esca” as a
wood white decay causing “apoplexy” (sudden wilting of the vine) and typical foliar symptoms is replaced by five different diseases/syn-
dromes (dark wood streaking, Petri disease, grapevine leaf stripe disease [GLSD], white rot, and Esca proper) grouped under the name
of “Esca complex.” These syndromes differ based on the age of the symptomatic vines and the pathogens involved (in white decay and
Esca proper, basidiomycete decay agents are involved, while in all the others, vascular ascomycete species are the common factor, as
Phaeomoniella chlamydospora, Phaeoacremonium spp., and more recently [in Petri disease], Cadophora spp.). The dark wood streaking
is a wood symptom proving the presence of the pathogens in vines from the nursery, while the Petri disease is typical of very young vines, a
decline developing in new plantations. The typical wood symptoms in both is the vascular discoloration, often coupled with the emission of
dark tarry drops (see related pictures). The Petri disease could also determine foliar symptoms (chlorosis and decline, up to death of the
vines). The GLSD syndrome is characterized by the typical tiger-stripe pattern on symptomatic leaves and is often associated with a partial
or complete apoplexy in affected plants. It can be found in both young and adult vineyards, both in vines showing only vascular pathogens
infections or those also showing wood decay. A longitudinal orange-brown stripe under the bark can usually be noticed removing the bark.
The white decay is determined by basidiomycete fungi (in Europe, F. mediterranea), which determine only symptoms on the infected wood.
Finally, the name Esca proper was retained to refer to the original name (Esca as decayed wood used as tinder), typical of adult vineyards,
and characterized by the contemporary presence of the main vascular pathogens plus the basidiomycete species and the development of
foliar symptoms (formore information, seeGubler et al. [2015] andSurico [2009]). Pictures: Dark wood streaking, V.Mondello; Petri disease,
courtesy of Feuga (Spain); GLSD, courtesy of Plant pathology sector SAF dept., University of Palermo (Italy), DRL Rheinpfalz (Germany),
and Maurizio Gily (Italy); white rot, upper picture courtesy of DRL Rheinpfalz (Germany); Esca proper, courtesy of Plant pathology sector
SAF dept., University of Palermo (Italy), Feuga (Spain), and ADVID (Portugal).
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by sodium arsenite could thus be related to a complex of interactions be-
tween the a.i., the plant microbiome, pathogenmetabolism, and host me-
tabolism. As a consequence of this hypothesis, no a.i. can be excluded a
priori in the search for an alternative to sodium arsenite. Thus, the eval-
uation of either existing or novel a.i.s that can be used to reduce the up-
surge of GTDs has been a major priority for industry and researchers
during the last two decades. Although only one paper reports promising
results with this type of winter application to the wood, applying a cop-
per based product (Di Marco et al. 2011b), it does confirm that this type
of applications warrants further exploration.
To date, the first barrier in this challenge is to identify the targets due

to the lack of knowledge about the etiological agents of GTDs, except
for diseases such as Eutypa dieback clearly related to E. lata, or cankers
caused by Botryosphaeriaceae species. The second challenge is to man-
age GTDs at all stages from the production of new plants in nurseries to
the growth of healthy vines in vineyards over the years and during a
long period. Therefore, a.i.s have been tested by various researchers
for preventive/sanitation protocols in the nursery, while theywere tested
in the field for their ability to reduce GTDs incidence by i) protecting
pruning wounds, avoiding new infection; ii) suppressing foliar symp-
tom expression and the related productivity and quality losses; and
iii) improving or stimulating plant defenses against GTD pathogens.

Main Strategies Used in Testing Active Ingredients
Against GTDs
In the search for GTD control agents, particular attention has

been devoted to detect antifungal compounds to be employed

against the main pathogens that have been revealed by research.
This wide-range search has considered different organic and inor-
ganic compounds, both synthetic and natural, and tested by various
researchers (Tables 2 to 6).
Active ingredients have been assayed by different methods

according to the kind of test (in vitro, in planta, and in the field), their
usage (in nurseries, to reduce disease incidence, wound protection,
symptom suppression, or improve plant defense mechanisms), and
the specific GTD to manage. In vitro trials have been used to evaluate
the efficiency of the a.i. in terms of its EC value (EC50 and, some-
times, EC90) calculated either on percentage conidial germination
or inhibition of mycelial growth of the pathogens on nutrient media
amended with different concentrations of the a.i. (Bester et al. 2007;
Cobos et al. 2015; Fleurat-Lessard et al. 2011; Gramaje et al. 2012;
Halleen et al. 2010; Jaspers 2001; Martı́n and Martı́n 2013; Mazzullo
et al. 2000; Nascimento et al. 2007; Pitt et al. 2012; Santos et al.
2006; Sosnowski et al. 2013). Some authors used both assays
(Amponsah et al. 2012; Di Marco et al. 2011b; Rolshausen and
Gubler 2005; Sosnowski et al. 2008, 2013) supplemented by studies
on morphological modifications of the pathogen’s mycelium
(Fleurat-Lessard et al. 2011). In planta bioassays have also been use-
ful to analyze other parameters on infected/treated plants such as
wood colonization by GTD pathogens and plant mortality (Cobos
et al. 2015; Nascimento et al. 2007), phytotoxic effects of the a.i.
and its accumulation in host tissues (Di Marco et al. 2011b;
Fleurat-Lessard et al. 2011), host plant growth (Cobos et al. 2015;
Nascimento et al. 2007; Santos et al. 2006), and physiological

Fig. 2. The scheme followed by this review reflects the problems related to grapevine trunk disease (GTD) presence in both nursery and vineyard (in gray boxes), reporting the
different strategies (colored boxes) set up by the research to solve the lack of suitable and efficient disease control protocols so far existing. a.i.: active ingredient; BCA: biocontrol agent.
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changes (oxidative stress: Cobos et al. 2015; Santos et al. 2006; in-
duction of defense mechanisms: Cobos et al. 2015; Di Marco et al.
2011a; Pierron et al. 2015; chlorophyll contents and fluorescence or
leaf gas exchange: DiMarco et al. 2011a; Santos et al. 2006). The plant
material used included plantlets, cuttings, and potted vines depending
on the research aims, the trial timespan, and the a.i. selected for poten-
tial use against GTD pathogens. Plantlets were used for the evalua-
tion of the a.i. impact on vine physiology by Santos et al. (2006) in

laboratory and controlled conditions, avoiding the influence of envi-
ronmental biotic and abiotic factors that are normally difficult to con-
trol in greenhouse and field experiments. Bioassays with cuttings
allowed the evaluation of a.i. efficiency after a relatively short period,
ranging from 5 to 90 days after inoculation and mainly by pathogen
reisolation, thus revealing the disease control capacity of an a.i. to
reduce internal symptoms in terms of lengths of vascular discolor-
ation (Bester et al. 2007; Cobos et al. 2015; Dı́az and Latorre 2013).

Table 2. List of the synthetic organic compounds tested, singly or mixed in lab or as found in commercial products, against the three main grapevine trunk
diseases in field and nursery

Chemical group Active ingredient

Tested on Tested in

Botryosphaeria dieback Esca complex Eutypa dieback Lab Vineyard Nursery

Anilinopyrimidine Cyprodinil x x
Anilopyrimidine Pyrimethanil x x x x x
Arylamilopyrimidine Fluazinam x x x x
Benzimidazoles Benomyl x x x x x

Carbendazim x x x x x x
Thiophanate methyl x x x x x x

Benzonitrile Chlorothalonil x x x
Carboxamide Boscalid x x
Dicarboximide Iprodione x x x x x x

Procymidone x x x
Disinfectans Didecyldimethylammonium chloride x

Alcohol-phenol-iodine solution x
Dithiocarbammate Mancozeb x x x x x

Thiram x x x
Ziram x x x

Phenoxyquinoline Quinoxyfen x x x
Hydroxianiline Fenhexamid x x x x x
Imidazole Prochloraz x x x x x x

Imazalil x x x x
Morpholine Dimethomorph x x
Nitrile Dithianon x x
Phenylpyrrole Fludioxonil x x x
Phthalimide Captan x x x x
Pyrimidine Fenarimol x x x x x
Quinoline Hydroxyquinoline sulfate x x x x
Spyroketalamine Spiroxamine x x x x x
Strobilurins Azoxystrobin x x x x

Kresoxym-methyl x x x x
Pyraclostrobin x x x x x
Trifloxystrobin x x x

Sulphamid Tolyfluamid x x x
Triazoles Cyproconazole x x x x

Difenoconazole x x
Flusilazole x x x x x x
Myclobutanil x x x x
Penconazole x x x x x
Propiconazole x x x
Tebuconazole x x x x x x
Tetraconazole x x x x x
Thiabendazole x x x
Triademenol x x x x x

Commercial mix Boscalid + pyraclostrobin x x x
Carbendazim + flusilazole x x
Carboxine + thiram x x
Cyproconazole + iodocarb x x x x
Cyprodinil + fludioxionil x x x x x x
Mancozeb + metalaxyl-m x x
Prothioconazole + tebuconazole x
Pyraclostrobin + metiram x x x
Tebuconazole + boric acid +
octhilinone

x x

Organic salts Copper ammonium acetate x x x
Copper bis(ethoxy-dihydroxy-
diethylamino) sulfate

x

Fosethil-al x x x
Triazoles lab mix Propiconazole + thiabendazole x x

Difeconazole + tebuconazole x x
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Tests in the vineyard have focused mainly on wound protection
from GTD pathogens or reduction of GTD incidence, permitting
the evaluation of alternative a.i.s selected under standard conditions,
since the a.i. action was tested under the influence of cultural prac-
tices and geographical and climatic variables during the test lifetime.
Usage has been focused mainly on wound protection against GTD

pathogens or reduction of GTD incidence and/or severity. The meth-
odology developed is closer to the hypothetical practical use, utiliz-
ing the usual agricultural equipment for a.i. distribution (Halleen
et al. 2010; Sosnowski et al. 2013), or trying different application
tools such as systemic a.i. pole injection in soil (Di Marco et al.
2000) or directly into vines by trunk injection (Calzarano et al.

Table 3. Inorganic compounds tested against the three main grapevine trunk diseases in field and nursery

Chemical group Active ingredient

Tested on Tested in

Botryosphaeria dieback Esca complex Eutypa dieback Lab Vineyard Nursery

Inorganic acid Boric acid x x x x
Phosphorous acid x x x x

Inorganic salt Calcium polysulfides x x
Phosphonic acid salt x x x
Iron sulfate x x x x
Sodium arsenite x x x x
Copper oxychloride x x x x

Inorganic base Copper hydroxide x x x x
Inorganic element Sulfur x x x

Table 4. Natural compounds tested against the three main grapevine trunk diseases in field and nursery

Group Natural compound

Tested on Tested in

Botryosphaeria dieback Esca complex Eutypa dieback Lab Vineyard Nursery

Organic extract Allium sativum x x x x
Evernia prunastri lichen x x x x
Green coffee x x x x
Lemon peel x x x x
Melaleuca alternifolia oil x x

Organic Chitosan x x x x
Honey x x
Lactoferrin x x
Propolis x x x x
Saponins x x
Vanillin x x x x

Inorganic Potassium bicarbonate x x
Hydrogen peroxide x x x x x
Ozonated water x x

Lab mix Allium + chitosan + vanillin x x x x x
Seaweed extract + CaCl2 + Mg(NO3)2 x x

Table 5. Plant-defense stimulating compounds tested against the three main grapevine trunk diseases in field and nursery

Group
Active ingredient(s)
(commercial name)

Tested on Tested in

Botryosphaeria dieback Esca complex Eutypa dieback Lab Vineyard Nursery

Commercial products Aluminum lignin sulfate, gluconic
acid, microelements (Brotomax)

x x x x

Amino acids, peptides, peptones
(Fitostim)

x x x

Glutatione, oligosaccharine (Marvita) x x x
Aschophyllum nodosum extract
(Kendal)

x x x

Plant-defense elicitor 2-hydroxybenzoic acid x x x
Benzothiodiazole x x
Seaweed extracts + Ca + Mg x x

Phytoalexins Resveratrol x x x
Pterostilbene x x x
P-coumaric acid x x x
Pterostilbene + resveratrol x x x

Lab mix Copper oxychloride + gluconates x x x
Resveratrol + phosphorous acid x x x
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2004; Darrieutort and Lecomte 2007; Dula et al. 2007), as well as
manual applications for wound protection (Dı́az and Latorre 2013;
Sosnowski et al. 2008).
For the protection of pruning wounds, the duration of the trials re-

ported in literature is variable, since the trials could be repeated iden-
tically or with some changes in a.i. and/or pathogen application time
(Amponsah et al. 2012; Dı́az and Latorre 2013; Halleen et al. 2010;
Pitt et al. 2012; Rolshausen et al. 2010; Sosnowski et al. 2008, 2013).
In the trials for disease incidence reduction in GTD-affected vine-
yards, the duration was highly variable, ranging from 1 to 9 years,
with the last 1 to 2 years sometimes devoted only to the observation
of the treatment residual effects (Calzarano et al. 2004; Darrieutort
and Lecomte 2007; Di Marco and Osti 2009; Di Marco et al.
2000, 2011a, b; Dula et al. 2007).
Due to the diversity of fungal species associated with GTDs, sev-

eral different pathogens have been used in the in vitro assays, while
in both in planta and field tests the most used species are Phaeomo-
niella chlamydospora and several Phaeoacremonium species for
Esca complex, D. seriata,D. mutila, L. theobromae, and N. parvum
for Botryosphaeria dieback, and E. lata for Eutypa dieback
(Amponsah et al. 2012; Dı́az and Latorre 2013; Halleen et al.
2010; Pitt et al. 2012; Rolshausen et al. 2010; Sosnowski et al.
2008, 2013).

The Most Efficient Active Ingredients Against GTDs
According to our literature review, more than 90 a.i.s have been

tested from 2000 until now against the Esca complex diseases,
Botryosphaeria dieback and Eutypa dieback. Results are reported
in Tables 7 to 10 and grouped according to their main characteristics
(synthetic organic, inorganic, natural, biostimulants, and plant de-
fense elicitors). For each a.i., efficiency in relation to the tests (in
vitro, in planta, in the field), the specific aim of the study (wound pro-
tection, symptom suppression, GTD control in nurseries), and the tar-
geted GTD pathogens are reported, taking into account the
geographical area of the test.
Synthetic organic active ingredients and compounds tested.

Most of the assayed a.i.s (55 out of 93 in Table 7) are synthetic or-
ganic compounds, used both singly (44) or in mixtures (11). Tria-
zoles (10 a.i.s), strobilurins (4 a.i.s), and benzimidazoles (3 a.i.s)
represent the chemical groups most often tested. The now banned

benzimidazoles benomyl and carbendazim were used as positive
controls in several tests. Eighteen a.i.s were tested against all three
GTDs considered in this review and 19 against only one GTD. Con-
sidering the kind of test, the number of a.i.s tested decreased moving
from in lab tests (in vitro and in planta) to the in field tests (42 and 31
a.i.s, respectively). Only nine synthetic organic compounds were
tested in both field and nursery.
Among the benzimidazoles, the most efficient a.i.s were benomyl,

carbendazim, and thiophanate-methyl, which always showed high
efficiency in both lab and field for pruning wound protection and
in nurseries, irrespective of the geographical area or GTD targeted
(Amponsah et al. 2012; Dı́az and Latorre 2013; Gramaje et al.
2009; Groenewald et al. 2000; Halleen et al. 2010; Jaspers 2001; Pitt
et al. 2012; Sosnowski et al. 2008, 2013). Their efficacy toward the
main GTDs was certainly due to their broad-range fungicidal activ-
ity, their persistence, and their systemic activity. In the in vitro tests,
they showed high capability in reducing both mycelial growth and
conidial germination in all species except E. lata. For pruning
wounds, benzimidazoles protected vines from new infection mainly
as preventive treatments and, to a lesser extent, in curative ones.
Thus, Sosnowski et al. (2008) reported the long-lasting preventive
effect of benomyl in protecting wounds from E. lata infections
(14 days) and the slight curative effect of benomyl and carbendazim,
observed only if the a.i.s were applied 1 day after inoculation with
E. lata. Benzimidazoles sprayed or painted on pruning wounds
showed similar efficiency. To date, only thiophanate-methyl is ap-
proved for use in agriculture and it is currently applied to control
Botrytis cinerea in grapevine. A disadvantage of benzimidazoles is
that fungi can develop resistance to this class of compounds, as ob-
served in Phaeoacremonium minimum toward carbendazim (Martı́n
and Martı́n 2013). Consequently, benzimidazoles in use should be
mixed with another a.i. or used alternately with other a.i.s. In nurs-
eries, benzimidazoles successfully reduced the presence of vascular
Esca complex pathogens. For example, benomyl and carbendazim
decreased the amount of pathogen inoculum in grafted plants when
applied during hydration or before grafting (Fourie and Halleen
2006; Gramaje et al. 2009), while soaking the scions in thiopha-
nate-methyl before grafting (Serra et al. 2011) followed by hot water
treatment (Eskalen et al. 2007b) successfully controlled Esca com-
plex associated pathogens.

Table 6. Grapevine trunk disease (GTD) pathogens employed in the active ingredient (a.i.) and biocontrol agent (BCA) evaluation trials. The most used
species are in bold.

GTD Target pathogen used in a.i.s tests Target pathogen used in BCAs tests

Botryosphaeria dieback Botryosphaeria dothidea Diplodia mutila
Diplodia mutila Diplodia corticola
Diplodia seriata Diplodia seriata
Dothiorella viticola Lasiodiplodia theobromae
Lasiodiplodia theobromae Lasiodiplodia mediterranea
Neofusicoccum australe Neofusicoccum australe
Neofusicoccum luteum Neofusicoccum luteum
Neofusicoccum parvum Neofusicoccum mediterraneum

Neofusicoccum parvum
Esca complex Fomitiporia mediterranea Cadophora luteo-olivacea

Phaeomoniella chlamydospora Fomitiporia mediterranea
Phaeoacremonium minimum Phaeomoniella chlamydospora
Phaeoacremonium angustium Phaeoacremonium minimum
Phaeoacremonium parasiticum
Pleurostomophora richardsiae
Togninia minima
Stereum hirsutum

Eutypa dieback Cryptovalsa ampelina Eutypa lata
Diatrypella vulgaris
Eutypa lata
Eutypa leptoplaca
Eutypella citricola
Eutypella microtheca
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Triazoles were the most numerous group within the synthetic com-
pounds, with 10 a.i.s tested. They are currently used in vineyards to
protect vines from several diseases (powdery mildew, botrytis bunch
rot, etc.). For this reason and due to their systemic properties, tria-
zoles have also been tested to manage GTDs. In vitro assays revealed
a high efficiency in controlling the mycelial growth of GTD patho-
gens and sometimes inhibit conidial germination (Gramaje et al.
2009). Some of these positive in vitro effects were confirmed by
in planta bio-assays. Differences in efficiency of triazoles were
recorded in similar tests carried out by different laboratories, proba-
bly due to the differences in protocols, pathogen and strains tested,
and grapevine cultivars used. When tested for pruning wound protec-
tion, triazoles showed different behaviors according to the GTD.
Apart from tebuconazole, they were ineffective against Botryosphae-
ria dieback pathogens, while flusilazole, penconazole, tebuconazole
and, to a lesser extent, triadimenol, showed good results when tested
on E. lata. Only tebuconazole and triadimenol were tested against
vascular Esca complex pathogens, but with unsatisfactory results.
For suppression of foliar symptoms, cyproconazole, penconazole,
and thiabendazole gave some positive results only in the younger
vines, with initial GLSD symptoms and no or limited wood decay
(Di Marco et al. 2000). Difenoconazole and propiconazole showed
contrasting results in France (Darrieutort and Lecomte 2007) and
Hungary (Dula et al. 2007), and tetraconazole was inefficient. Propi-
conazole was also tested to suppress Eutypa dieback foliar symp-
toms, unsuccessfully. In the nursery, two triazoles were studied to
control Esca complex vascular pathogens during the plant production
process, with promising results. Flusilazole combined with carbenda-
zim (see in commercial mix, Table 12) controlled the development of
Pa. chlamydospora and Pm. minimum, and cyproconazole limited
the incidence of Pa. chlamydospora but only when coupled with a
hot water treatment (Serra et al. 2011).
Strobilurins are currently used to control downy and powdery mil-

dew in vineyards. They were especially tested for pruning wound
protection. The most efficient against GTD pathogens was pyraclos-
trobin, in both in vitro and wound protection trials. Other strobilurins
were studied only in vitro and showed different efficiencies accord-
ing to the considered GTD pathogen as reported by Sosnowski et al.
(2008), Gramaje et al. (2009), Halleen et al. (2010), and Amponsah
et al. (2012) (see Table 7).
In the arylamilopyrimidine family of compounds, fluazinam,

which is especially used in vineyards to control botrytis bunch rot
and downy mildew, was tested on both Botryosphaeria and Eutypa
dieback pathogens. Being a broad-spectrum, contact fungicide with
high activity in blocking conidial germination, it was tested in vitro
directly on pathogens and for wound protection, showing a high level
of efficiency when applied after pruning (Gramaje et al. 2012; Pitt
et al. 2012; Sosnowski et al. 2013).
Among the imidazoles, prochloraz, currently not registered for the

use in vineyards, blocked conidial germination of all the tested GTD
pathogens in vitro, but this trend was not always confirmed in planta
(Table 7). Bester et al. (2007) reported its efficiency in protecting
wounds from infection of D. seriata, L. theobromae, N. australe,
and N. parvum. On the contrary, Pitt et al. (2012) obtained high rei-
solation percentages of the pathogen 6 months after artificial inocu-
lation of N. luteum onto pruning wounds treated with prochloraz.
Seven commercial products were tested mainly for wound protec-

tion and in nursery applications. A cyproconazole+iodocarb mix,
registered as wound protectant in some countries against Eutypa die-
back, also successfully controlled Botryosphaeria dieback and path-
ogens associated to GLSD and Esca proper in the Esca complex
(Rolshausen et al. 2010). The other commercial mixtures showed
better results in nursery trials. The mix of carbendazim+flusilazole
reduced the inoculum of Pm. minimum and Pa. chlamydosporawhen
applied in the cutting soaking water before cold storage (Gramaje
et al. 2009). Similarly, cyprodinil+fludioxinil and pyraclostrobin+
metiram mixes controlled some Botryosphaeriaceae in the nursery
when diluted in the soaking water before grafting (Rego et al. 2009).
Two experimental lab mixtures of triazoles, propiconazole+

thiabendazole and difeconazole+tebuconazole, gave a significant

reduction in Esca foliar symptoms expression, more evident for
the difenaconazole+tebuconazole mix (Dula et al. 2007).
The dithiocarbamates ziram and thiram, tested in soaking water

before grafting, showed good efficiency in controlling the presence
of Petri disease pathogens in the nursery (Eskalen et al. 2007b), even
if Santos et al. (2006) reported ziram as inefficient in their in vitro test
toward Pm. angustius and Pa. chlamydospora. Mancozeb gave sat-
isfactory results for wound protection toward N. luteum (Amponsah
et al. 2012).
For the other a.i.s tested, fosetyl-Al (organic salt) was able to re-

duce Esca complex foliar symptoms (Esca proper), and also to reduce
infections by D. seriata and Esca complex vascular pathogens in
wounds (Dı́az and Latorre 2013; Di Marco et al. 2011a).
The phtalimide captan, thanks to its broad-spectrum activity, is

currently used in nurseries in some countries to limit fungal infection
in wood tissues. Its efficiency was validated on Esca complex vascular
pathogens (Fourie and Halleen 2006; Gramaje et al. 2009). Some
organic disinfectants (didecyldimethylammonium chloride, usually
used in nurseries as biocides) showed positive effects in vitro toward
Botryosphaeria and Esca vascular pathogens that were confirmed in
the nursery (Fourie and Halleen 2006; Gramaje and Armengol 2011;
Gramaje et al. 2009). Moreover, these products coupled a high effi-
ciency with a low impact on grafted plant viability (Fourie and
Halleen 2006).
Inorganic active ingredients tested such as boron, copper, sulfur,

and phosphorous.Among inorganic compounds (Table 8), acids, ba-
ses, and salts of well-known elements in plant disease control, such as
boron, copper, sulfur, and phosphorus, have been tested. Sodium ar-
senite, even if banned, was tested in France and Portugal to under-
stand more about its mode of action in order to find other a.i.s that
could mimic the same or similar mechanisms (Larignon et al.
2008; Santos et al. 2006). Boron, known for its ability to affect some
wood-rotting fungi, is used in timber and wood industries. On prun-
ing wounds, boron showed good protection toward all the tested
GTD pathogens (Rolshausen et al. 2010), although no significant im-
provement toward E. lata infections was reported by Sosnowski et al.
(2008), when boron was added in the sealing paste. A possible phy-
totoxic effect of boron-based treatments resulting in bud failure was
hypothesized (Rolshausen and Gubler 2005).
Trying a new sustainable road: tests with natural

active ingredients. The concerns related to the massive use of chem-
icals and the attention toward environmentally friendly production
models have given a boost to the study of natural a.i.s in agriculture,
especially in viticulture. Consequently, several natural a.i.s were
evaluated to manage GTDs. To date, 14 natural organic or inorganic
substances, ranging from simple molecules such as hydrogen perox-
ide (Fourie and Halleen 2006; Sosnowski et al. 2013) to complex
mixtures like propolis (Cobos et al. 2015) have been studied
(Table 9).
Chitosan is a nontoxic, biocompatible, and biodegradable poly-

mer, known for its fungistatic and fungicide properties and for its ca-
pability to stimulate plant defense systems through the induced
systemic resistance (ISR) mechanism. Chitosan is able to penetrate
fungal conidia and hyphae causing membrane disorganization and
the loss of the cellular content (Palma-Guerrero et al. 2008; Park
et al. 2002). When tested against GTD pathogens in vitro, chitosan
inhibited mycelial growth of Botryosphaeriaceae, Esca complex
fungi, and to a lesser extent, Eutypa dieback pathogens. This poten-
tial was confirmed for wound protection. Moreover, Cobos et al.
(2015) reported that low-molecular weight chitosan was more effec-
tive than medium- and high-molecular weight ones.
Extracts of Allium sativum were assayed toward GTD pathogens,

giving good results both in vitro and in wound protection (Cobos
et al. 2015; Sosnowski et al. 2013). When combined with chitosan
and vanillin, it was more effective than the individual a.i.s in reduc-
ing the infections of D. seriata and Pa. chlamydospora artificially
inoculated onto treated pruning wounds (Cobos et al. 2015). Further-
more, and according to the authors, the lower mortality rate of vines
and low percentages of reisolation of the pathogens recorded in
the field trials could be related to a putative synergism among the
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Table 7. Synthetic organic compounds tested toward the three main grapevine trunk diseases (GTDs). Reported for each active ingredient are: the
efficiencya recorded in the relative test (in vitro, in planta, and in field); the results when tested for wound protection (WP), symptom suppression
(SS), or for nursery use (NU); the pathogens used in tests; and in superscript brackets, the country in which the studies were carried out.b The
number in superscript brackets on an efficiency result indicates the country in which the test was carried out (see supplementary file for references
regarding a specific a.i.).

Chemical group Active ingredient

Botryosphaeria dieback

In vitro In planta In field WP SS NU Pathogenc

Anilinopyrimidine Cyprodinil - - nt nt nt nt nt B. dothidea (1)

nt nt nt nt nt 111 Botryosphaeria spp. (11)

- - nt nt nt nt nt D. seriata (1)

- - nt nt nt nt nt L. theobromae (1)

- - nt nt nt nt nt N. parvum (1)

Anilopyrimidine Pyrimethanil - - nt nt nt nt nt B. dothidea (1)

- - nt nt nt nt nt D. mutila (1)(10)

- - - 1 (3) nt nt nt nt D. seriata (3)(10)(12)

- - nt nt nt nt nt L. theobromae (1)(12)

- - nt nt nt nt nt N. australe (10)(12)

- - nt nt nt nt nt N. luteum (10)

- - nt nt nt nt nt N. parvum (1)(12)

Arylamilopyrimidine Fluazinam 111 nt nt 111 nt nt B. dothidea (1)

111 nt nt nt nt nt D. mutila (1)

111 nt nt 111 nt nt D. seriata (1)

111 nt nt 111 nt nt L. theobromae (1)

111 nt nt 111 nt nt N. parvum (1)

Benzimidazole Benomyl 111
(12)

111
(3) nt 111

(12) nt nt D. seriata (3)(12)

111 nt nt 111 nt nt L. theobromae (12)

111 nt nt 111 nt nt N. australe (12)

111 nt nt 111 nt nt N. parvum (12)

Carbendazim 111 nt nt nt nt nt B. dothidea (1)

111 nt nt 111
(1) nt nt D. mutila (1)(10)

111 nt nt 111 nt nt D. seriata (1)

111 nt nt nt nt nt L. theobromae (1)

111 nt nt nt nt nt N. australe (10)

111 111 nt 111 nt nt N. luteum (10)

111 nt nt nt nt nt N. parvum (1)

Thiophanate methyl nt nt nt 111 nt nt B. dothidea (15)

111 1 nt nt nt nt D. mutila (10)

nt nt nt 111 nt nt D. seriata (3)(13)(15)

nt nt 11 111 nt nt D. viticola (15)

nt nt 11 111
(15) nt nt L. theobromae (4)(15)

1 nt nt nt nt nt N. australe (10)

1 1 nt 11 nt nt N. luteum (10)

Benzonitrile Chlorothalonil - 1 - 1 nt nt nt nt D. mutila (10)

1 - 1 (10) nt nt nt nt D. seriata (1)(10)

11 nt nt nt nt nt L. theobromae (1)

- 1 - 1 nt nt nt nt N. australe (10)

- 1 - 1 nt nt nt nt N. luteum (10)

11 nt nt nt nt nt N. parvum (1)

Carboxamide Boscalid - - nt nt nt nt nt B. dothidea (1)

- - nt nt nt nt nt D. mutila (1)

- - nt nt nt nt nt D. seriata (1)(12)

- - nt nt nt nt nt L. theobromae (1)(12)

- - nt nt nt nt nt N. australe (12)

- - nt nt nt nt nt N. parvum (1)(12)

Dicarboximide Iprodione - 1 nt nt nt nt nt Botryosphaeria sp. (3)

- 1 nt nt nt nt nt B. dothidea (1)

- 1 (1)/111
(10) nt nt nt nt nt D. mutila (1)(10)

- 1 (1)(12) nt nt nt nt nt D. seriata (1)(10)(12)

111
(10)

- 1 nt nt 1
(15) nt nt L. theobromae (1)(12)(15)

- 1 nt nt nt nt nt N. australe (10)(12)

111 111
(10) nt 111

(10) nt nt N. luteum (10)

- 1 nt nt nt nt nt N. parvum (1)(12)

Dicarboximide Procymidone - 1 nt nt nt nt nt B. dothidea (1)

- 1 (1)
1

(10)
1

(10) nt nt nt D. mutila (1)(10)

111
(10)

- 1 nt nt nt nt nt D. seriata (1)

- 1 nt nt nt nt nt L. theobromae (1)

111 1 1 nt nt nt N. australe (10)

111 1 1 nt nt nt N. luteum (10)

- 1 nt nt nt nt nt N. parvum (1)

Disinfectants Didecyldimethylammonium
chloride

nt nt nt nt nt 11 Botryosphaeria sp. (12)

nt nt nt nt nt
Alcohol-phenol-iodine

solution
nt nt nt nt nt - - Botryosphaeria sp. (12)

a Efficiency: - - ineffective; - + less effective; + moderately efficient; ++ efficient; +++ highly efficient; nt, not tested.
b Countries: (1) Australia; (2) Austria; (3) Chile; (4) Egypt; (5) France; (6) Germany; (7) Greece; (8) Hungary; (9) Italy; (10) New Zealand; (11) Portugal;
(12) South Africa; (13) Spain; (14) Switzerland; (15) U.S.A.

c Abbreviations used for pathogen species: B. = Botryosphaeria; D. = Diplodia; L. = Lasiodiplodia; N. = Neofusicoccum; Pa. = Phaeomoniella; Pm. =
Phaeoacremonium; F. = Fomitiporia; S. = Stereum; P. = Pleurostomophora; T. = Togninia; C. = Cryptovalsa;Di. =Diatrypella; E. = Eutypa; Eu =
Eutypella; Li. = Libertella.

(Continued on next page)
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Table 7. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP SS NU Pathogenc In vitro In planta In field WP SS NU Pathogenc

- - nt nt nt nt nt C. ampelina (13)

- - nt nt nt nt nt Di. vulgaris (13)

- - nt nt 111
(1) nt nt E. lata (1)(12)(13)

nt - 1 nt nt nt nt Pa. chlamydospora (3) - - nt nt nt nt nt E. leptoplaca (13)

- - nt nt nt nt nt Eu. citricola (13)

- - nt nt nt nt nt Eu. microtheca (13)

111 nt nt nt nt nt C. ampelina (13)

111 nt nt nt nt nt Di. vulgaris (13)

111 nt nt 11
(1) nt nt E. lata (1)(13)

111 nt nt nt nt nt E. leptoplaca (13)

111 nt nt nt nt nt Eu. citricola (13)

111 nt nt nt nt nt Eu. microtheca (13)

111
(10)(12)

111
(1)(3) nt nt nt 1

(10) Pa. chlamydospora (1)(3)(10)(12)
111 nt nt 111 nt E. lata (1)(12)

nt nt nt nt nt 1
(10) Pm. minimum (10)

111 111 nt nt nt 111 Pm. minimum (13)
111 nt nt nt nt nt C. ampelina (13)

111 nt nt nt nt 111
(13) Pa. chlamydospora (10)(13)

111 nt nt nt nt nt Di. vulgaris (13)

nt nt nt nt - - (9) nt for foliar symptom suppression (9)
111 nt nt 111

(1) nt nt E. lata (1)(13)

111 nt nt nt nt nt E. leptoplaca (13)

111 nt nt nt nt nt Eu. citricola (13)

111 nt nt nt nt nt Eu. microtheca (13)

nt nt nt 111 nt nt Pm. parasiticum (15) nt nt nt 111 nt nt E. lata (15)

111 nt nt 111
(15) nt 11

(8)(13) Pm. minimum (8)(10)(13)(15)

111
(10) nt nt 111

(3)(13)(15) nt 11
(4)(8)/ 1 (9) Pa. chlamydospora (3)(4)(8)(9)(10)(13)(15)

nt nt nt 111 nt nt P. richardsiae (15)

nt nt nt 111 nt nt T. minima (15)

111 nt nt nt nt nt Pa. chlamydospora (12)
1 nt nt nt nt nt E. lata (1)

- - nt nt nt nt nt Pa. chlamydospora (3)(10)(13) - - nt nt nt nt nt E. lata (1)

- - nt nt nt nt nt Pm. minimum (13)

- - nt nt nt nt nt Phaeoacremonium sp. (3)

11
(13) nt nt nt nt 11 Pa. chlamydospora (12)(13)

11
(13) nt nt nt nt 11 Pm. minimum (12)(13)

nt nt nt nt nt 11 Pa. chlamydospora (12)

nt nt nt nt nt 11 Pm. minimum (12)

(Continued on next page)
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Table 7. (Continued from previous page)

Chemical group Active ingredient

Botryosphaeria dieback

In vitro In planta In field WP SS NU Pathogenc

Dithiocarbammate Mancozeb 11 nt nt nt nt nt D. mutila (10)

11 nt nt nt nt nt N. australe (10)

11 111 nt 111 nt nt N. luteum (10)

Ziram

Thiram

Hydroxianiline Fenhexamid - - nt nt nt nt nt B. dothidea (1)

- - nt nt nt nt nt D. seriata (1)(3)

- - nt nt nt nt nt L. theobromae (1)

- - nt nt nt nt nt N. parvum (1)

Imidazole Prochloraz 111 1 nt nt nt nt Botryosphaeria sp. (3)

11 nt nt 111 nt nt D. seriata (12)

11 nt nt 111 nt nt D. seriata (12)

111 nt nt 111 nt nt L. theobromae (12)

111 nt nt 111
(12) nt nt N. australe (10)(12)

111 - - nt - - nt nt N. luteum (10)

111 nt nt 111 nt nt N. parvum (12)

Imazalil

Morpholine Dimethomorph
Nitrile Dithianon - - nt nt nt nt nt D. mutila (10)

- - nt nt nt nt nt N. australe (10)

- - 1 nt 1 nt nt N. luteum (10)

Phenylpyrrole Fludioxonil 111 nt nt nt nt nt B. dothidea (1)

nt nt nt nt nt 1 Botryosphaeria spp. (11)

111 nt nt nt nt nt D. mutila (1)

111 nt nt nt nt nt D. seriata (1)

111 nt nt nt nt nt L. theobromae (1)

111 nt nt nt nt nt N. parvum (1)

Phenoxyquinoline Quinoxyfen - - nt nt nt nt nt B. dothidea (1)

- - nt nt nt nt nt D. mutila (1)

- - nt nt nt nt nt D. seriata (1)

- - nt nt nt nt nt L. theobromae (1)

- - nt nt nt nt nt N. parvum (1)

Phthalimide Captan - - nt nt nt nt nt Botryosphaeria spp. (12)

Quinoline Hydroxyquinoline
sulfate

nt nt nt nt nt - - Botryosphaeria sp. (12)

Pyrimidine Fenarimol 1 nt nt nt nt nt B. dothidea (1)

1 nt nt nt nt nt D. mutila (1)(10)

1
(1)/111

(12) nt nt 1
(12) nt nt D. seriata (1)(12)

1
(1)/111

(12) nt nt 1
(12) nt nt L. theobromae (1)(12)

1
(10)/111

(12) nt nt 1
(12) nt nt N. australe (10)(12)

1 1 nt nt nt nt N. luteum (10)

1
(1)/111

(12) nt nt 1
(12) nt nt N. parvum (1)(12)

Spyroketalamine Spiroxamine - 1 nt nt nt nt nt B. dothidea (1)

- 1 nt nt nt nt nt D. mutila (1)

- 1 nt nt nt nt nt D. seriata (1)

- 1 nt nt nt nt nt L. theobromae (1)

Strobilurin Azoxystrobin nt nt nt 11 nt nt Botryosphaeria spp. (11)

- - nt nt nt nt nt D. mutila (10)

- - nt nt nt nt nt N. australe (10)

- - nt nt nt nt nt N. luteum (10)

Kresoxym-methyl - - nt nt nt nt nt D. seriata (12)

- - nt nt nt nt nt L. theobromae (12)

- - nt nt nt nt nt N. australe (12)

- - nt nt nt nt nt N. parvum (12)

Pyraclostrobin 111
(1) nt nt 111

(15) nt nt B. dothidea (1)(15)

111
(1) nt nt 111

(15) nt nt D. mutila (1)(15)

nt 1
(3) nt 1

(3)/111
(15) nt nt D. seriata (3)(15)

nt nt nt 111 nt nt D. viticola (15)

nt nt nt 111 nt nt L. theobromae (15)

Trifloxystrobin

(Continued on next page)
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Table 7. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP SS NU Pathogenc In vitro In planta In field WP SS NU Pathogenc

- - nt nt nt nt 11 Pa. chlamydospora (12) - - (1) nt nt nt nt nt E. lata (1)(12)

1
(12)

nt nt nt nt nt 11 Pm. minimum (15) - - nt nt nt nt nt E. lata (1)

- - nt nt nt nt nt Pm. angustium (11)

- - (11) nt nt nt nt 11
(15) Pa. chlamydospora (11)(15)

11
(13) nt nt nt nt 11

(15) Pa. chlamydospora (13)(15)

11
(13) nt nt nt nt 11

(15) Pm. minimum (13)(15)

- - nt nt nt nt Pm. chlamydospora (3) - - nt nt - - nt nt E. lata (1)(12)

111 1
(3) nt nt nt nt Pa. chlamydospora (1)(3)(13)

111 nt nt nt nt nt E. lata (1)

111 nt nt nt nt nt Pm. minimum (13)

111 1
(3) nt nt nt nt Phaeoacremonium sp. (3)

111 nt nt nt nt nt Pa. chlamydospora (13)
11 nt nt 1 nt nt E. lata (1)

11 nt nt nt nt nt Pm. minimum (13)

1 nt nt nt nt nt E. lata (1)

nt nt nt nt nt - - Pa. chlamydospora (11)

- - nt nt nt nt nt E. lata (1)

- 1 (13) nt nt nt nt 11
(12) Pa. chlamydospora (12)(13)

- 1 (13) nt nt nt nt 11
(12) Pm. minimum (12)(13)

111
(2)/- 1 (13) nt nt nt nt -1 (2)/- - (12) Pa. chlamydospora (2)(12)(13)

111
(2)/- 1 (13) nt nt nt nt - - (2)(12) Pm. minimum (2)(12)(13)

nt 111 nt nt nt nt Pa. chlamydospora (1)
111 nt nt - - nt nt E. lata (1)(12)

111 nt nt nt nt - 1 Pa. chlamydospora (2)
111 nt nt nt nt nt E. lata (1)(12)

111 nt nt nt nt - - Pm. minimum (2)

111
(13) nt nt nt nt nt Pa. chlamydospora (13) - - nt nt nt nt nt E. lata (1)(12)

111
(13) nt nt nt nt nt Pm. minimum (13)

- - (3)
1

(1) nt nt nt nt Pa. chlamydospora (1)(3) - - nt nt nt nt nt E. lata (12)

nt nt nt 111
(15) nt nt Pm. parasiticum (15)

1 nt nt nt nt nt C. ampelina (13)

nt 1
(2) nt 1

(2)/111
(15) nt nt Pa. chlamydospora (3)(15)

1 nt nt nt nt nt Di. vulgaris (13)

nt nt nt 111
(15) nt nt P. richardsiae (15)

1
(1)(13) nt nt 111

(15) nt nt E. lata (1)(13)(15)

nt nt nt 111
(15) nt nt T. minima (15)

1 nt nt nt nt nt E. leptoplaca (13)

1 nt nt nt nt nt Eu. citricola (13)

1 nt nt nt nt nt Eu. microtheca (13)

- 1 nt nt - - (1) nt nt E. lata (1)(12)

(Continued on next page)
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Table 7. (Continued from previous page)

Chemical group Active ingredient

Botryosphaeria dieback

In vitro In planta In field WP SS NU Pathogenc

Sulphamid Tolyfluanid - - nt nt nt nt nt Botryosphaeria sp. (3)

Triazole Cyproconazole
Difenoconazole nt nt nt 11 nt nt Botryosphaeria spp (11)

Flusilazole + nt nt nt nt nt B. dothidea (1)

1
(1)/111

(10) nt nt nt nt nt D. mutila (1)(10)

1
(1)/111

(12) nt nt - - (12) nt nt D. seriata (1)(12)

1
(1)/111

(12) nt nt - - (12) nt nt L. theobromae (1)(12)

111 nt nt - - (12) nt nt N. australe (10)(12)

111 111 nt 111 nt nt N. luteum (10)

1
(1) nt nt - - (12) nt nt N. parvum (1)(12)

111
(12)

Myclobutanil 111 nt nt nt nt nt B. dothidea (1)

111 nt nt - - nt nt Diplodia mutila (1)

111 nt nt - - nt nt D. seriata (1)

111 nt nt nt nt nt L. theobromae (1)

111 nt nt nt nt nt N. parvum (1)

Penconazole 111 nt nt nt nt nt B. dothidea (1)

111 nt nt - - nt nt D. mutila (1)

111 nt nt - - nt nt D. seriata (1)

111 nt nt nt nt nt L. theobromae (1)

111 nt nt nt nt nt N. parvum (1)

Propiconazole

Tebuconazole 111
(3)

1
(3) nt 11

(11) nt nt Botryosphaeria sp. (3)(11)

111 nt nt nt nt nt B. dothidea (1)

111 111 nt 11
(1) nt nt Diplodia mutila (1)(10)

111
(1)(12)

111
(3) nt 111

(1)(12) nt nt D. seriata (1)(3)(12)

111 nt nt nt nt nt L. theobromae (1)(12)

111 nt nt nt nt nt N. australe (10)(12)

111 111 nt nt nt nt N. luteum (10)

111 nt nt nt nt nt N. parvum (1)(12)

Thiabendazole

Tetraconazole nt nt nt - - nt nt D. mutila (1)

nt nt nt - - nt nt D. seriata (1)

Triademenol - - nt nt nt nt nt B. dothidea (1)

- - nt nt nt nt nt D. seriata (1)

- - nt nt nt nt nt L. theobromae (1)

- - nt nt nt nt nt N. parvum (1)

Carboxamide + strobilurin Boscalid + pyraclostrobin BASF516
Anilide + dithiocarbammate Carboxine + thiram Vitavax/T 11 11 L. theobromae (4)

Benzimidazole + triazole Carbendazim + flusilazole Escudo

Triazole + carbammate Cyproconazole + iodocarb Garrison nt nt nt 111 nt nt B. dothidea (15)

nt nt nt 111 nt nt D. mutila (1)

nt nt nt 111
(1)/1 (15) nt nt D. seriata (1)(15)

nt nt nt 11 nt nt D. viticola (15)

nt nt nt 11 nt nt L. theobromae (15)

Anilinopyrimidine +
phenylpyrrole

Cyprodinil + fludioxionil Switch nt nt nt nt nt 11 Botryosphaeria spp. (11)

nt nt nt - 1 nt nt D. mutila (1)

nt nt nt - 1 nt 11
(5) D. seriata (1)(5)

nt nt nt nt nt 11 N. parvum (5)

Dithiocarbammate +
depsipeptides

Mancozeb + metalaxyl-m Ridomil Gold MZ

Triazoles Prothioconazole + tebuconazole Prosaro

Strobilurin +
dithiocarbammate

Pyraclostrobin + metiram Cabrio top nt nt nt nt nt 11 Botryosphaeria spp. (11)

nt nt nt nt nt 11 D. seriata (5)

Triazole + inorganic acid +
thiazole

Tebuconazole + boric acid + octhilinone Gelseal ultra

Organic salts Copper ammonium acetate - - - - nt nt nt nt D. seriata (12)

- - - - nt nt nt nt L. theobromae (12)

- - - - nt nt nt nt N. australe (12)

- - - - nt nt nt nt N. parvum (12)

Fosethyl-al nt nt nt - 1 nt nt D. seriata (3)

Copper bis (ethoxy-dihydroxy-diethylamino) sulfate

Triazole Propiconazole + thiabendazole
Triazole Difeconazole + tebuconazole (Continued on next page)
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Table 7. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP SS NU Pathogenc In vitro In planta In field WP SS NU Pathogenc

- - (3) nt nt nt nt nt Pa. chlamydospora (3)

- - (3) nt nt nt nt nt Phaeoacremonium sp. (3)

11
(10) nt 1

(9) nt 11
(9)

11
(9) Pa. chlamydospora (9)(10)

nt nt nt nt - - (5) nt nt nt nt - - nt nt E. lata (5)

111
(8)

111 nt nt nt nt nt Pa. chlamydospora (13)
111 nt nt - - (1) nt nt E. lata (1)(12)

111
(12)

11
(9) - - (13) nt nt - - (9) nt Pm. minimum (9)(13)

1
(1)/111

(12) nt nt - - (1) nt nt E. lata (1)(12)

nt nt nt nt 1
(9) nt for foliar symptom

suppression (9)
111 nt nt 111 nt nt E. lata (1)

111 nt nt nt nt 1 Pa. chlamydospora (2)

111 nt nt nt nt 1 Pm. minimum (2)

nt nt nt nt - - (5) nt nt nt nt - - (5) nt
111

(8)

11
(10)(13) - 1 (1)/111

(3) nt - 1 (3) nt nt Pa. chlamydospora (1)(3)(10)(13)
111 nt nt nt nt nt C. ampelina (13)

111 nt nt nt nt nt Pm. minimum (13)
111 nt nt nt nt nt Di. vulgaris (13)

111 1 nt nt nt nt Phaeoacremonium sp. (3) 111 nt nt 111
(1)(10)(12) nt nt E. lata (1)(10)(12)(13)

111 nt nt nt nt nt E. leptoplaca (13)

111 nt nt nt nt nt Eu. citricola (13)

111 nt nt nt nt nt Eu. microtheca (13)

111 for phytotoxicity nt nt nt nt Pm. angustium (11)

111 for phytotoxicity nt nt nt nt Pa. chlamydospora (11)

nt nt nt nt 111
(8)

nt nt nt nt - - (9) nt 111 nt nt - - nt nt E. lata (1)

1 nt nt - - nt nt Pa. chlamydospora (1)
111 nt nt - 1 nt nt E. lata (1)

11 nt nt - - nt nt E. lata (1)

nt nt nt nt nt 11
(13) Pm. minimum (13)

11 nt nt nt nt 11
(13) Pa. chlamydospora (13)

nt nt nt - - nt nt Pm. parasiticum (15) nt nt nt 111 nt nt E. lata (1)(15)

nt nt nt 11 nt nt Pa. chlamydospora (15)

nt nt nt 111 nt nt P. richardsiae (15)

nt nt nt 1 nt nt T. minima (15)

111
(10)

11
(11) nt nt nt 11

(5) Pa. chlamydospora (5)(10)(11)
111 nt nt 1 nt nt E. lata (1)

- - nt nt nt nt nt E. lata (1)

111 nt nt nt nt nt C. ampelina (13)

111 nt nt nt nt nt Di. vulgaris (13)

111 nt nt nt nt nt E. lata (1)(12)(13)

111 nt nt nt nt nt E. leptoplaca (13)

- 1 nt nt nt nt nt Eu. citricola (13)

111 nt nt nt nt nt Eu. microtheca (13)

nt 11 nt nt nt nt F. mediterranea (6)

nt 11
(6) nt nt nt 11

(5) Pa. chlamydospora (5)(6)

nt 11 nt nt nt nt Pm. minimum (6)

nt nt nt 111 nt nt E. lata (1)(10)

- - nt nt nt nt nt E. lata (1)

nt nt nt 1 1 nt Pm. minimum (9)

nt nt nt - 1 (3) nt nt Pa. chlamydospora (3)(9)

- 1 nt nt nt nt nt Pa. chlamydospora (13)

- 1 nt nt nt nt nt Pm. minimum (13)

nt nt nt nt 1
(8) nt

nt nt nt nt 11
(8) nt
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Table 8. Inorganics tested toward the three main grapevine trunk diseases (GTDs). Reported for each active ingredient are: the efficiencya recorded in the
relative test (in vitro, in planta, and in field); the results when tested for wound protection (WP), symptom suppression (SS), or for nursery use (NU); the
pathogens used in tests; and in superscript brackets, the country in which the studies were carried out.b The number in superscript brackets on an efficiency
result indicates the country in which the test was carried out (see supplementary file for references regarding a specific a.i.).

Chemical group Active ingredient

Botryosphaeria dieback

In vitro In planta In field WP SS NU Pathogenc

Inorganic acid Boric acid - - (1) nt nt 11
(15) nt nt B. dothidea (1)(15)

- - (1) nt nt 11
(15) nt nt D. mutila (1)

- - (1) nt nt 11
(15) nt nt D. seriata (1)(15)

nt nt nt 11
(15) nt nt D. viticola (15)

- - (1) nt nt 11
(15) nt nt L. theobromae (1)(15)

- - (1) nt nt 11
(15) nt nt N. parvum (1)

Phosphorous acid

Phosphonic acid salt
Inorganic salt Calcium polysulfides

Iron sulfate - 1 for phytotoxicity nt nt nt nt D. seriata (5)

- 1 for phytotoxicity nt nt nt nt N. parvum (5)

Sodium arsenite

Copper oxychloride

Inorganic base Copper hydroxide - - nt nt nt nt nt D. mutila (10)

- - nt nt nt nt nt N. australe (10)

- - 1 nt nt nt nt N. luteum (10)

Inorganic element Sulfur

a Efficiency: - - ineffective; - + less effective; + moderately efficient; ++ efficient; +++ highly efficient; nt, not tested.
b Countries: (1) Australia; (2) Austria; (3) Chile; (4) Egypt; (5) France; (6) Germany; (7) Greece; (8) Hungary; (9) Italy; (10) New Zealand; (11) Portugal;
(12) South Africa; (13) Spain; (14) Switzerland; (15) U.S.A.

c Abbreviations used for pathogen species: B. = Botryosphaeria; D. = Diplodia; L. = Lasiodiplodia; N. = Neofusicoccum; Pa. = Phaeomoniella; Pm. =
Phaeoacremonium; F. = Fomitiporia; S. = Stereum; P. = Pleurostomophora; T. = Togninia; C. = Cryptovalsa; Di. = Diatrypella; E. = Eutypa; Eu =
Eutypella; Li. = Libertella.

(Continued on next page)

Table 9.Natural compounds tested toward the threemain grapevine trunk diseases (GTDs). Reported for each active ingredient are: the efficiencya recorded in
the relative test (in vitro, in planta, and in field); the results when tested for wound protection (WP), symptom suppression (SS), or for nursery use (NU); the
pathogens used in tests; and in superscript brackets, the country in which the studies were carried out.b The number in superscript brackets on an efficiency
result indicates the country in which the test was carried out (see supplementary file for references regarding a specific a.i.).

Chemical group Active ingredient

Botryosphaeria dieback

In vitro In planta In field WP SS NU Pathogenc

Natural compounds Ozonated water
Chitosan 11 nt nt nt nt nt Botryosphaeria sp. (11)

111 nt nt nt nt nt B. dothidea (13)

111 111 nt 111 nt nt D. seriata (13)

Allium sativum extract 11 nt nt nt nt nt B. dothidea (13)

111 111 nt 111 nt nt D. seriata (13)

Honey
Hydrogen peroxide nt nt nt nt nt - - Botryosphaeria sp. (12)

Lactoferrin
Melaleuca alternifolia oil
Potassium bicarbonate
Saponins - 1 nt nt nt nt nt D. seriata (5)

- 1 nt nt nt nt nt N. parvum (5)

Sard laundry powder
Evernia prunastri lichen extract 111 nt nt nt nt nt B. dothidea (13)

11 - 1 nt nt nt nt D. seriata (13)

Green coffee extract - - nt nt nt nt nt B. dothidea (13)

- - nt nt nt nt nt D. seriata (13)

Lemon peel extract 11 nt nt nt nt nt B. dothidea (13)

11 - 1 nt nt nt nt Diplodia seriata (13)

Propolis 11 nt nt nt nt nt B. dothidea (13)

11 1 nt nt nt nt D. seriata (13)

Seaweed extract + CaCl2 + Mg(NO3)2
Vanillin 1 nt nt nt nt nt B. dothidea (13)

11 1 nt nt nt nt D. seriata (13)

Allium + chitosan + vanillin nt 11 nt 111 nt nt D. seriata (13)

a Efficiency: - - ineffective; - + less effective; + moderately efficient; ++ efficient; +++ highly efficient; nt, not tested.
b Countries: (1) Australia; (2) Austria; (3) Chile; (4) Egypt; (5) France; (6) Germany; (7) Greece; (8) Hungary; (9) Italy; (10) New Zealand; (11) Portugal;
(12) South Africa; (13) Spain; (14) Switzerland; (15) U.S.A.

c Abbreviations used for pathogen species: B. = Botryosphaeria; D. = Diplodia; L. = Lasiodiplodia; N. = Neofusicoccum; Pa. = Phaeomoniella; Pm. =
Phaeoacremonium; F. = Fomitiporia; S. = Stereum; P. = Pleurostomophora; T. = Togninia; C. = Cryptovalsa; Di. = Diatrypella; E. = Eutypa; Eu =
Eutypella; Li. = Libertella.

(Continued on next page)
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Table 8. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP SS NU Pathogenc In vitro In planta In field WP SS NU Pathogenc

nt nt nt 111
(15) nt nt Pa chlamydospora (15) ++ (15) nt nt - - (1)

111
(15) nt nt E. lata (1)(15)

nt nt nt 111
(15) nt nt P. parasiticum (15)

nt nt nt 111
(15) nt nt P. richardsiae (15)

nt nt nt 111
(15) nt nt T. minima (15)

- - (9) nt nt nt nt nt F. punctata (9) +++ nt nt nt nt nt L. blepharis (9)

- - (9) nt nt nt nt - 1 (12) Pm. minimum (9)(12)

- - (9)(10) nt nt nt nt - 1 (12) Pa. chlamydospora (9)(10)(12)

- - (9) nt nt nt nt nt S. hirsutum (9)

- - nt nt nt nt nt E. lata (1)

nt nt nt nt nt 11 Pa. chlamydospora (15)

nt nt nt nt nt 11 Pm. minimum (15)

1 for phytotoxicity nt nt nt nt Pm. minimum (5) +++ for phytotoxicity nt nt nt nt E. lata (5)

1 for phytotoxicity nt nt nt nt Pa. chlamydospora (5)

- - - - (11) nt nt nt nt F. mediterranea (5) - - nt nt nt nt nt E. lata (5)

- - - - (11) nt nt nt nt Pm. minimum (5)

- - - - (11) nt nt nt nt P. angustium (11)

- - - - (11) nt nt nt nt Pa. chlamydospora (5)(11)

- 1 nt nt nt nt nt Pa. chlamydospora (9)(13)

- 1 nt nt nt nt nt Pm. minimum (9)(13)

- - nt nt nt nt nt Pa. chlamydospora (10) - - nt nt nt nt nt E. lata (1)

- 1 nt nt nt nt nt Pa. chlamydospora (2) - - nt nt - - nt nt E. lata (1)

- - nt nt nt nt nt Pm. minimum (2)

Table 9. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP SS NU on Pathogenc In vitro In planta In field WP SS NU Pathogenc

111 1 nt nt nt nt Pm. minimum (5)

11 nt nt nt nt nt F. mediterranea (11) E. lata (11)(13)

111 111 nt 111
(13) nt nt Pa. chlamydospora (11)(13) - 1 nt nt nt nt nt

111 nt nt nt nt nt Pm. minimum (13)

111 nt nt nt nt nt Pa. chlamydospora (13)
111

(1)
1

(13) nt nt - 1 (1) nt nt E. lata (1)(13)

111 111 nt 111 nt nt Pm. minimum (13)

- - nt nt nt nt nt E. lata (1)

nt nt nt nt nt - - Phaeomoniella spp. (12) - - nt nt nt nt nt E. lata (1)

nt nt nt nt nt - - Phaeoacremonium spp. (12)

111 nt nt - 1 nt nt E. lata (1)

1 nt nt nt nt nt E. lata (1)

- - nt nt nt nt nt E. lata (1)

- - nt nt nt nt nt E. lata (1)

11 - - nt nt nt nt Pa. chlamydospora (13) - 1 nt nt nt nt nt E. lata (13)

- 1 nt nt nt nt nt Pm. minimum (13)

- - nt nt nt nt nt Pa. chlamydospora (13) - - nt nt nt nt nt E. lata (13)

- - nt nt nt nt nt Pm. minimum (13)

11 - - nt nt nt nt Pa. chlamydospora (13)
11 nt nt nt nt nt E. lata (13)

- - nt nt nt nt nt Pm. minimum (13)

11 1 nt nt nt nt Pa. chlamydospora (13)
11 nt nt nt nt nt E. lata (13)

11 nt nt nt nt nt Pm. minimum (13)

nt nt 111 nt 111 nt for foliar symptoms reduction (9)

11 11 nt nt nt nt Pa. chlamydospora (13)
11 nt nt nt nt nt E. lata (13)

11 nt nt nt nt nt Pm. minimum (13)

nt 11 nt 111 nt nt Pa. chlamydospora (13)
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Table 10. Biostimulants and plant elicitors tested toward the three main grapevine trunk diseases (GTDs). Reported for each active ingredient are: the
efficiencya recorded in the relative test (in vitro, in planta, and in field); the results when tested for wound protection (WP), symptom suppression (SS), or
for nursery use (NU); the pathogens used in tests; and in superscript brackets, the country in which the studies were carried out.b The number in superscript
brackets on an efficiency result indicates the country in which the test was carried out (see supplementary file for references regarding a specific a.i.).

Biostimulant Active ingredient

Botryosphaeria dieback

In vitro In planta In field WP SS NU Pathogenc

Commercial Aluminum lignin sulfate, gluconic acid, microelements (Brotomax)

Amino acids, peptides, peptones (Fitostim)
Glutatione, oligosaccharine (Kendral)
Aschophyllum nodosum extract (Marvita)

Elicitor 2-hydroxybenzoic acid
Benzothiodiazole

Phytoalexins Resveratrol

Pterostilbene

P-coumaric acid

Lab mix Resveratrol + phosphorous acid

Pterostilbenes + phosphorous acid

Copper oxychloride + gluconates

a Efficiency: - - ineffective; - + less effective; + moderately efficient; ++ efficient; +++ highly efficient; nt, not tested.
b Countries: (1) Australia; (2) Austria; (3) Chile; (4) Egypt; (5) France; (6) Germany; (7) Greece; (8) Hungary; (9) Italy; (10) New Zealand; (11) Portugal;
(12) South Africa; (13) Spain; (14) Switzerland; (15) U.S.A.

c Abbreviations used for pathogen species: B. = Botryosphaeria; D. = Diplodia; L. = Lasiodiplodia; N. = Neofusicoccum; Pa. = Phaeomoniella; Pm. =
Phaeoacremonium; F. = Fomitiporia; S. = Stereum; P. = Pleurostomophora; T. = Togninia; C. = Cryptovalsa; Di. = Diatrypella; E. = Eutypa; Eu =
Eutypella; Li. = Libertella.

(Continued on next page)

Table 11. List of the bacterial biocontrol agents tested, singly or mixed, against the three main grapevine trunk diseases both in field and nursery

Genus Species

Tested on
Tested in

Botryosphaeria
dieback

Esca
complex

Eutypa
dieback Lab Vineyard Nursery

Acinetobacter A. radioresistens x x x
Bacillus B. amyloliquefacens x x x

B. cereus x x
B. firmus x x x
B. ginsengihumi x x x
B. licheniformis x x x
B. pumilus x x x
B. subtilis x x x x x x
B. thuringiensis x x
Bacillus sp. x x x

Brevibacillus B. reuszeri x x x
Burkholderia B. phytofirmans x x
Curtobacterium Curtobacterium sp. x x x
Enterobacter E. cowanii x x x

Enterobacter sp. x x
Erwinia E. erbicola x x
Paenibacillus P. barengoltzii x x

P. illinoisensis x x x
P. polymyxa x x
P. turicensis x x
Paenibacillus sp. x x

Pantoea P. agglomerans x x
Pseudomonas P. aeruginosa x x

P. fluorescens x x
Pseudomonas sp. x x

Serratia S. plymuthica x x
Stenotrophomonas S. maltophylia x x
Streptomyces Streptomyces spp. x x
Xanthomonas Xanthomonas sp. x x
Bacterial mix Azospirillum sp. + Pseudomonas sp. + Bacillus sp. x x
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different mechanisms of action of the three compounds. Similarly,
foliar applications of a brown seaweed extract containing CaCl2 +
Mg(NO3)2 to Esca-affected vines (GLSD) reduced the incidence
and severity of foliar symptoms (Calzarano et al. 2014, 2017,
2018). In this case, it was suggested that the treatments acted by in-
terfering with the mechanisms involved in the development of leaf
symptoms, without any phytotoxicity or plant growth inhibition.
Some products belonging to the biostimulants and elicitors group

were also tested (Table 10). This complex category, which is now
under revision at EU regulation level, includes some commercial
products with very different composition (Di Marco and Osti
2009) and others recognized in the scientific literature that are able
to either stimulate plant defense system like phytoalexins (Mazzullo
et al. 2000; Santos et al. 2006) or induce systemic acquired resistance
as elicitors (Darrieutort and Lecomte 2007; Santos et al. 2006). None
of the assayed commercial products effectively reduced Esca com-
plex foliar symptoms expression. Within elicitors, the application
of 2-hydroxybenzoic acid, an aromatic compound able to stimulate
systemic acquired resistance (SAR), seems to reduce foliar symp-
toms expression for both Esca complex diseases and Eutypa die-
back (Darrieutort and Lecomte 2007). The phytoalexins resveratrol,
p-coumaric acid, and pterostilbene were tested in vitro only with
the vascular pathogens involved in the Esca complex, giving differ-
ent results according to the phytoalexin and the pathogen. For ex-
ample, pterostilbene inhibited all of the tested Esca complex
pathogens (Mazzullo et al. 2000), while resveratrol showed differ-
ent results according to pathogen (Mazzullo et al. 2000; Santos
et al. 2006).

A Brief Introduction to Biological Control Agents
(BCAs) Used for GTDs
Different reasons have led researchers to test BCAs to control

GTDs beside chemical a.i.s. The most efficient a.i.s (benzimidazoles,
for instance) are not able to protect pruning wounds throughout the
entire period they are susceptible to GTD infections, which varies

from 2 to 4 months (Kotze et al. 2011). The use of potential BCAs
in colonizing woody tissues and maintaining a broad spectrum activ-
ity against GTD pathogens for extended periods could be a strategy
for wound protection in vineyards. Furthermore, the positive effects
of some microorganisms in host-plant physiology, such as the resis-
tance to biotic or abiotic stresses or systemic induced resistance
(SIR), are well known (Berg 2009; Handelsman and Stabb 1996;
Pal and McSpadden Gardener 2006). Consequently, the main aims
of BCA trials were i) to prevent GTD pathogen contamination in
nurseries, in which several steps of the plant production process
are critical for the spread of GTD pathogens (Aroca et al. 2010; Gra-
maje and Armengol 2011; Gramaje and Di Marco 2015; Waite et al.
2013; Waite and Morton 2007), and ii) to evaluate BCAs for durable
pruning wound protection in vineyards. In particular, nursery trials
also allowed the evaluation of the putative BCA effects on plant
growth, induced or improved disease resistance, and globally on
the development of healthier and sound vines (Di Marco and Osti
2007; Fourie et al. 2001).

Strategies and Main Aims of Potential BCA Tests
Against GTDs
Similar to a.i.s, different BCAs have been tested in vitro, in planta,

in the field, and during the nursery plant production process (Tables
11–12). Dual cultures in vitro are the primary means to detect antag-
onistic activity of a potential BCA (DiMarco et al. 2002; Haidar et al.
2016; Hunt et al. 2001; John et al. 2004; Kotze et al. 2011; McMahan
et al. 2001; Mutawila et al. 2015; Schmidt et al. 2001). In vitro tests
also allow us to decipher some aspects of the biocontrol mecha-
nisms such as the detoxification of phytotoxins (e.g., eutypine,
4-hydroxybenzaldehyde, and 3-phenyllactic acid) considered to
be involved in the expression of foliar symptoms in some GTDs
(Christen et al. 2005; Tey-Rulh et al. 1991). BCAs have also been
tested as wound protectants to limit annual contaminations in the
field (Di Marco et al. 2002, 2004; Halleen et al. 2010; John
et al. 2005; Kotze et al. 2011; Mutawila et al. 2011, 2015; Pitt

Table 10. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP SS NU Pathogenc In vitro In planta In field WP SS NU Pathogenc

1
(10)(13) - - nt nt - - nt Pa. chlamydospora (9)(10)(13) nt nt 1 nt nt nt E. lata (1)

1 nt nt nt nt nt Pm. minimum (10)(13)

nt - - nt nt - - nt Pa. chlamydospora (9)

nt - - nt nt - - nt Pa. chlamydospora (9)

nt - - nt nt - - nt Pa. chlamydospora (9)

nt nt nt nt - 1 (7) nt nt nt nt nt - 1 (7) nt
nt - - nt nt nt nt Pa. chlamydospora (1)

11 nt nt nt nt nt F. punctata (9) - - nt nt nt nt nt L. blepharis (9)

- - nt nt nt nt nt Pm. minimum (9)

- 1 nt nt nt nt nt P. angustium (11)

- - (9) - 1 (11) nt nt nt nt nt Pa. chlamydospora (9)(11)

11 nt nt nt nt nt S. hirsutum (9)

11 nt nt nt nt nt F. punctata (9)
11 nt nt nt nt nt L. blepharis (9)

11 nt nt nt nt nt Pm. minimum (9)

11 nt nt nt nt nt Pa. chlamydospora (9)

11 nt nt nt nt nt S. hirsutum (9)

- 1 nt nt nt nt nt Pm. minimum (13) - 1 nt nt nt nt nt E. lata (9)

- - nt nt nt nt nt P. inflatipes (13)

- 1 nt nt nt nt nt Pa. chlamydospora (13)

- 1 nt nt nt nt nt S. hirsutum (13)

- 1 nt nt nt nt nt F. punctata (9)
111 nt nt nt nt nt L. blepharis (9)

1 nt nt nt nt nt Pm. minimum (9)

1 nt nt nt nt nt Pa. chlamydospora (9)

- 1 nt nt nt nt nt S. hirsutum (9)

- - nt nt nt nt nt F. punctata (9)
111 nt nt nt nt nt L. blepharis (9)

1 nt nt nt nt nt Pm. minimum (9)

1 nt nt nt nt nt Pa. chlamydospora (9)

1 nt nt nt nt nt S. hirsutum (9)

- 1 nt nt nt 1 nt F. mediterranea (9)

- 1 nt nt nt 1 nt Pm. minimum (9)

1 nt nt nt 1 nt Pa. chlamydospora (9)
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Table 12. List of the fungal biocontrol agents tested, singly or mixed, against the three main grapevine trunk diseases both in field and nursery

Genus Species

Tested on
Tested in

Botryosphaeria
dieback

Esca
complex

Eutypa
dieback Lab Vineyard Nursery

Aureobasidium Aureobasidium spp. x x
Epicoccum Epicoccum spp. x x

E. purpurascens x x
Fusarium F. lateritium x x x x

F. lateritium mutant Benzimidazole resistant x x
F. proliferatum x x

Pythium P. oligandrum x x
Trichoderma T. atroviride x x x x x x

T. atroviride mutant Benzimidazole resistant x x x x x
T. gamsii (ex T. viride) x x
T. hamatum x x
T. harzianum x x x x x x
T. harzianum mutant Benzimidazole resistant x x x x
T. koningii x x
T. longibrachiatum x x x x x
T. polysporum x x x
Trichoderma spp. x
T. asperellum + T. gamsii x x x

Mix Trichoderma + Gliocladium x x

Table 13. Bacterial control agents (BCAs) tested toward the threemain grapevine trunk diseases (GTDs). Reported for each active ingredient are: the efficiencya

recorded in the relative test (in vitro, in planta, and in field); the results when tested for wound protection (WP) or nursery use (NU); the pathogens used in tests;
and in superscript brackets, the country in which the studies were carried out.b The number in superscript brackets on an efficiency result indicates the country in
which the test was carried out (see supplementary file for references regarding a specific BCA).

Genera Species

Botryosphaeria
dieback

In vitro In planta In field WP NU Pathogenc

Acinetobacter A. radioresistens nt - - nt nt nt N. parvum (5)

Bacillus B. amyloliquefaciens 1 nt nt nt nt L. mediterranea (9)

B. cereus
B. firmus nt - - nt nt nt N. parvum (5)

B. ginsengihumi nt - - nt nt nt N. parvum (5)

B. licheniformis nt - - nt nt nt N. parvum (5)

B. pumilus nt - - nt nt nt N. parvum (5)

B. subtilis 111
(12) nt nt 11

(12) nt D. seriata (12)

111
(12) nt nt 11

(12) nt L. theobromae (12)

111
(12) nt nt 111

(12) nt N. australe (12)

111
(12) nt nt 1

(12) nt N. parvum (12)

B. thuringiensis
Bacillus sp. nt 1 nt nt nt N. parvum (5)

Brevibacillus B. reuszeri nt - - nt nt nt N. parvum (5)

Burkholderia B. phytofirmans - - nt nt nt D. seriata (5)

1 - nt nt nt N. parvum (5)

Curtobacterium Curtobacterium sp. nt - - nt nt nt N. parvum (5)

Enterobacter E. cowanii nt - - nt nt nt N. parvum (5)

Enterobacter sp. nt 111 nt nt nt N. parvum (5)

Erwinia E. herbicola
Paenibacillus P. barengoltzii nt - - nt nt nt N. parvum (5)

P. illinoisensis nt - - nt nt nt N. parvum (5)

P. polymyxa nt - - nt nt nt N. parvum (5)

P. turicensis nt - - nt nt nt N. parvum (5)

Paenibacillus sp. nt - - nt nt nt N. parvum (5)

Pantoea P. agglomerans nt 111 nt nt nt N. parvum (5)

Pseudomonas P. aeruginosa
P. fluorescens
Pseudomonas sp.

Serratia S. plymuthica
Stenotrophomonas S. maltophylia
Streptomyces Streptomyces spp.
Xanthomonas Xanthomonas sp. nt - - nt nt nt N. parvum (5)

Bacterial mix Azospirillum sp. + Pseudomonas sp. + Bacillus sp.

a Efficiency: - - ineffective; - + less effective; + moderately efficient; ++ efficient; +++ highly efficient; nt, not tested.
b Countries: (1) Australia; (2) Austria; (3) Chile; (4) Egypt; (5) France; (6) Germany; (7) Greece; (8) Hungary; (9) Italy; (10) New Zealand; (11) Portugal;
(12) South Africa; (13) Spain; (14) Switzerland; (15) U.S.A.

c Abbreviations used for pathogen species: B. = Botryosphaeria; D. = Diplodia; L. = Lasiodiplodia; N. = Neofusicoccum; Pa. = Phaeomoniella; Pm. =
Phaeoacremonium; F. = Fomitiporia; S. = Stereum; P. = Pleurostomophora; T. = Togninia; C. = Cryptovalsa; Di. = Diatrypella; E. = Eutypa; Eu =
Eutypella; Li. = Libertella.

(Continued on next page)
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et al. 2012). Among these, Trichoderma species and strains present in
registered products actually bring a clear reduction in the GLSD foliar
symptoms, being at present the only tool for in field Esca complex re-
duction (GLSD) (Mounier et al. 2016). For BCA persistence within the
trunk, the viability and colonizing capability of BCAs in grapevine
woody tissues have been studied (Di Marco et al. 2002, 2004;
Halleen et al. 2010; Hunt et al. 2001). Several BCA-based com-
mercial products and different BCA strains have been tested, tak-
ing into consideration different grapevine cultivars and BCA
distribution methods (Bourbos and Barboupoulos 2005; Di Marco
et al. 2002, 2004; Halleen et al. 2010; John et al. 2005; Kotze
et al. 2011; Mutawila et al. 2011, 2015, 2016).
In planta tests under controlled conditions have been carried out (Di

Marco et al. 2002, 2004; John et al. 2005; Haidar et al. 2016; Yacoub
et al. 2016) to study grapevine-BCA-pathogen interactions, especially
the role of the BCA in systemic induction of resistance in grapevines.
Another useful application of BCA is in the nursery. Studies of

BCA treatments often focus on their effects on the physiology of
the plant such as root development (Di Marco et al. 2004; Fourie
et al. 2001; Pertot et al. 2016), plant growth rate (Fourie and Halleen
2006; Fourie et al. 2001), and overall plant quality (Di Marco and
Osti 2007; Fourie and Halleen 2004). The treatments are usually
compared with a.i.s or other preventive/sanitation treatments, such
as the hot water treatment (HWT) that is often used during the grape-
vine plant production process (Fourie and Halleen 2004, 2006; Pertot
et al. 2016).

Similarly to the a.i. tests, the GTD pathogens most used in BCA
tests were D. seriata, L. theobromae, and N. parvum for Botryos-
phaeria dieback, while Pa. chlamydospora and E. lata were used
in tests on control of Esca complex and Eutypa dieback (see
Table 6).

The Most Efficient Biocontrol Agents Against GTDs:
Antagonistic Bacteria and Fungi
Since 2000, more than 40 BCAs have been tested against Esca

complex, Botryosphaeria dieback, and Eutypa dieback pathogens
(Tables 13 and 14). For each BCA, the efficiency in relation to the
kind of tests (in vitro, in planta, in the field), the application strategy
(wound protection, control in nursery process), and the targeted GTD
pathogens are reported in Tables 13 and 14, taking into account the
geographical area where the tests were carried out.
Among bacterial BCAs, Bacillus subtilis was the most tested to-

ward GTDs. Its ascertained in vitro efficiency against GTD patho-
gens was confirmed as wound protectant, with different biocontrol
degrees according to both the GTD and the selected pathogens
(Halleen et al. 2010; Kotze et al. 2011; Schmidt et al. 2001). In nurs-
eries, B. subtilis reduced the incidence of the vascular pathogen as-
sociated to Esca complex (Petri disease), but the severity of internal
symptoms increased (Fourie and Halleen 2004). However, no effects
of the B. subtilis treatment on callus formation or on the percentage of
certifiable plants have been reported. Within the other assayed bac-
terial genera, some strains of Enterobacter spp. and Pantoea

Table 13. (Continued from previous page)

Esca complex Eutypa dieback

In lab In planta In field WP NU Pathogenc In lab In planta In field WP NU Pathogenc

- - nt nt nt nt Pa. chlamydospora (5)

1 nt nt nt nt F. mediterranea (9)

1 nt nt nt nt Pm. minimum (9)

1 nt nt nt nt Pa. chlamydospora (9)

- + nt nt nt nt E. lata (9)

111 nt nt nt nt Pa. chlamydospora (5)

11 nt nt nt nt Pa. chlamydospora (5)

1 nt nt nt nt Pa. chlamydospora (5)

- 1 - - nt nt nt Pa. chlamydospora (5)

nt nt nt nt - 1 (12) Phaeoacremonium spp. (12) - - (12)/111
(6)(12)

11
(6) nt 1

(1)/11
(12) nt E. lata (1)(6)(12)

111
(12) nt nt 1

(12) - 1 (12) Pa. chlamydospora (12)

- 1 nt nt nt nt E. lata (6)

- 1 nt nt nt nt E. lata (6)

1 11 nt nt nt Pa. chlamydospora (5)

- - nt nt nt nt Pa. chlamydospora (5)

- 1 nt nt nt nt Pa. chlamydospora (5)

11 111 nt nt nt Pa. chlamydospora (5)
111 nt nt nt nt E. lata (6)

111 nt nt nt nt E. lata (6)

1 11 nt nt nt Pa. chlamydospora (5)

11 111 nt nt nt Pa. chlamydospora (5)

- 1 11 nt nt nt Pa. chlamydospora (5)

- 1 nt nt nt nt E. lata (6)

- 1 nt nt nt nt E. lata (6)

- 1 nt nt nt nt E. lata (6)

1 nt nt nt nt E. lata (6)

- - nt nt nt nt E. lata (6)

1 nt nt nt nt E. lata (6)

nt nt nt nt - - Phaeoacremonium spp. (12)

nt nt nt nt - - Pa. chlamydospora (12)
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agglomerans reduced necrotic lesions when coinoculated in planta
with N. parvum (Haidar et al. 2016).
Regarding fungi, the majority of the reviewed trials were carried

out with Trichoderma spp. (Di Marco and Osti 2007; Di Marco
et al. 2004; Fourie and Halleen 2004, 2006; Fourie et al. 2001; Pertot
et al. 2016). Less-tested were some antagonistic and nonpathogenic
Fusarium spp. and Pythium oligandrum within the Oomycetes.
Within the eight Trichoderma species, tested singly or in mixtures,
T. atroviride and T. harzianum were the most studied and are cur-
rently present in several commercial products. Besides competition
for space and nutrients, Trichoderma spp. were able to produce both
volatile (Hunt et al. 2001; John et al. 2004) and nonvolatile antibi-
otics, with various effects on fungal hyphae (lysis, degeneration,
mycoparasitism, etc.) (Hunt et al. 2001; John et al. 2004; Kotze

et al. 2011; Mutawila et al. 2015). Trichoderma spp. generally
showed high efficiency in wound protection toward all GTD patho-
gens, were able to colonize the wood of pruned canes and remained
viable for up to one year in the greenhouse (Di Marco et al. 2002) and
up to 8 months under field conditions (Di Marco et al. 2002, 2004;
Halleen et al. 2010; John et al. 2008). Intensity of colonization was
more related to the grapevine cultivar than to the strain tested (Muta-
wila et al. 2011). Moreover, the influence of vine physiological status
on Trichoderma colonization ability was reported and dormancy
break is regarded as the best time for applications (John et al.
2005; Mutawila et al. 2016). Interestingly, a T. asperellum and
T. gamsii mix (Remedier) as well as T. atroviride strain I-1237
(Mounier et al. 2016) reduced the incidence of and mortality in Esca
complex affected vineyards (GLSD, Esca proper) starting from the

Table 14. Fungal control agents tested toward the three main grapevine trunk diseases (GTDs). Reported for each active ingredient are: the efficiencya

recorded in the relative test (in vitro, in planta, and in field); the results when tested for wound protection (WP) or nursery use (NU); the pathogens used in
tests; and in superscript brackets, the country in which the studies were carried out.b The number in superscript brackets on an efficiency result indicates the
country in which the test was carried out (see supplementary file for references regarding a specific a.i.).

Genus Species

Botryosphaeria
dieback

In vitro In planta In field WP NU Pathogenc

Aureobasidium Aureobasidium spp.

Chaetomium Chaetomium spp. 11 D. seriata (5)

11 N. parvum (5)

Epicoccum Epicoccum spp.

E. purpurascens 11 nt nt nt nt L. theobromae (9)

Fusarium F. lateritium

F. lateritium mutant Benzimidazole resistant
Pythium P. oligandrum
Trichoderma T. atroviride ++ nt nt nt + B. dothidea (10)

++ nt nt nt + B. stevensii (10)

11 11 nt nt nt D. corticola (13)

111 nt nt 111 1
(10) D. seriata (10)(12)

111
(12) nt nt 111 nt L. theobromae (12)

111
(12)/11

(13) nt nt 111 nt N. australe (12)(13)

11 11 nt nt 1
(10) N. luteum (10)(13)

11 11 nt nt nt N. mediterraneum (13)

111
(12)/11

(13) nt nt 111 1
(10) N. parvum (10)(12)(13)

T. atroviride mutant Benzimidazole resistant 111
(12) nt nt nt nt D. seriata (12)

111
(12) nt nt nt nt N. parvum (12)

T. gamsii (ex T. viride)
T. hamatum
T. harzianum 11 nt nt nt nt B. stevensii (10)

111
(12) nt nt 1

(1)/11
(12) nt D. seriata (1)(12)

111
(12) nt nt 11

(12) nt L. theobromae (12)

111
(12) nt nt 11

(12) nt N. australe (12)

111
(12) nt nt 11

(12) nt N. parvum (12)

T. harzianum mutant Benzimidazole resistant 111
(12) nt nt nt nt D. seriata (12)

111
(12) nt nt nt nt N. parvum (12)

T. koningii
T. longibrachiatum 111 nt nt nt nt D. seriata (8)

T. polysporum
Trichoderma spp. 111 nt nt nt nt D. seriata (8)

T. asperellum + T. gamsii
Genera mix Trichoderma + Gliocladium

a Efficiency: - - ineffective; - + less effective; + moderately efficient; ++ efficient; +++ highly efficient; nt, not tested.
b Countries: (1) Australia; (2) Austria; (3) Chile; (4) Egypt; (5) France; (6) Germany; (7) Greece; (8) Hungary; (9) Italy; (10) New Zealand; (11) Portugal;
(12) South Africa; (13) Spain; (14) Switzerland; (15) U.S.A.

c Abbreviations used for pathogen species: B. = Botryosphaeria; D. = Diplodia; L. = Lasiodiplodia; N. = Neofusicoccum; Pa. = Phaeomoniella; Pm. =
Phaeoacremonium; F. = Fomitiporia; S. = Stereum; P. = Pleurostomophora; T. = Togninia; C. = Cryptovalsa; Di. = Diatrypella; E. = Eutypa; Eu =
Eutypella; Li. = Libertella.

(Continued on next page)
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second or third year of a multiple-year treatment of a vineyard. This
result was mainly attributed to the wound protective effect of Tricho-
derma against new infections by GTD pathogens.
In the nursery, Trichoderma species are applied exclusively for the

prevention of infections by vascular pathogens associated with Esca
complex. Grafted plants previously treated with a Trichoderma-
based product showed a reduction in the incidence of vascular Esca
pathogens comparable to that obtained with quintozene and procymi-
done applications (Fourie et al. 2001). Similarly, Di Marco and Osti
(2007) and Di Marco et al. (2004) reported a significant reduction of
Pa. chlamydospora wood necrosis in grafted plants treated with Tri-
choderma (Trichodex, Rootshield) at the rooting stage, linking this
reduction more to a stronger defense reaction in the treated plants
than to the direct effect of Trichoderma on the pathogen. Recently,
Pertot et al. (2016) reported that use of the selected T. atroviride
strain SC1 (Vintec) during the hydration steps before cold storage
and grafting were the best treatments to prevent Pm. minimum and

Pa. chlamydospora infections compared with the use of cryptonol
(8-hydroxyquinoline sulfate) or iprodione during the same steps.
On the contrary, Fourie and Halleen (2004, 2006) considered the ex-
clusive use of Trichoderma (Trichoflow-T) not suitable for efficient
GTD control in nurseries. As a matter of fact, in none of the nursery
trials was the preventive Trichoderma application able to fully avoid
infections, as expected, but it reduced them strongly. In addition to
the antagonistic effect, a significant increase of root biomass was re-
ported in grafted plants treated with T. harzianum or T. longibrachia-
tum (Di Marco and Osti 2007; Di Marco et al. 2004; Fourie et al.
2001). On the other hand, Pertot et al. (2016) observed no differences
in the root systems between plants treated with a strain of T. atrovir-
ide and the untreated control. Overall plant quality may be also influ-
enced by Trichoderma spp. (Di Marco and Osti 2007; Fourie and
Halleen 2004). In previous trials with a different Trichoderma strain,
the use of Trichoderma in all first steps of production (grafting, cal-
lusing, rooting) led to more plant growth failures, but also to a higher

Table 14. (Continued from previous page)

Esca complex Eutypa dieback

In vitro In planta In field WP NU Pathogenc In vitro In planta In field WP NU Pathogenc

Cadophora luteo-olivacea (13)

Pa. chlamydospora (13)

Pm. minimum (13)

11 Pa. chlamydospora (5)

11 Pm. minimum (5)

Cadophora luteo-olivacea (13)

Pa. chlamydospora (13)

Pm. minimum (13)

111 nt nt nt nt for detoxification (14) nt nt nt + nt E. lata (1)

111 nt nt nt nt for detoxification (14)

nt 111 nt nt nt E. lata (15)

nt ++ nt nt nt Pa. chlamydospora (5)

111 nt nt nt nt for detoxification (14)
111 nt nt nt nt for detoxification (14)

111
(12) nt nt 11

(12)
111

(9) Pm. minimum (9)(12)
111

(12) nt nt - - (5) /111
(12) nt E. lata (5)(12)

111
(12) nt nt 11

(12)
111

(9) Pa. chlamydospora (9)(12)

nt nt 11
(12) nt nt for viability (12)

111
(12) nt nt 11

(12) nt Pa. chlamydospora (12)
111

(12) nt nt nt nt E. lata (12)

111 nt nt nt nt Pa. chlamydospora (9)

11 nt nt nt nt Pa. chlamydospora (9)

111
(12)

11
(9) nt 11

(6)/111
(9)(12)

11
(9)(12) Pa. chlamydospora (6)(9)(12)

111
(12)

11
(1) nt - - (5)/11

(1)(7)(12) nt E. lata (1)(5)(7)(12)

111
(12) nt nt 1

(6)/111
(12) nt Pm. minimum (6)(12) nt nt 11

(12) nt nt for viability (12)

nt 111
(9)

11
(9)(12) nt nt for viability (9)(12)

111 nt nt nt nt for detoxification (14)

111 nt nt nt nt for detoxification (14)

111
(12) nt nt nt nt Pa. chlamydospora (12)

111
(12) nt nt nt nt E. lata (12)

nt nt nt 11 nt E. lata (10)

nt 11
(9) nt 111

(9)
11

(9) Pa. chlamydospora (9)

nt 111
(9)

11
(9) nt nt for viability (9)

111 nt nt nt nt for detoxification (14)
111 nt nt nt nt for detoxification (14)

nt nt 11
(9)

11
(9) nt Pa. chlamydospora (9)

nt nt nt nt 11
(12) Phaeoacremonium spp. (12)

nt nt nt nt 11
(12) Pa. chlamydospora (12)
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percentage of certifiable plants at the end of the process, especially for the
vines treated at the rooting stage (Di Marco and Osti 2007). Furthermore,
Trichoderma-treated plants were more vigorous compared with the un-
treated ones, in terms of increased resistance to environmental stresses
and to Pa. chlamydospora artificial inoculations.
Among the other fungal BCAs, Fusarium lateritium was able to

degrade in vitro some phytotoxins involved in expression of GTD
foliar symptoms (Christen et al. 2005). It was successfully tested as a
wound protectant for the control of E. lata infections and the benomyl-
resistant mutant strains were especially effective (John et al. 2005;
McMahan et al. 2001). The nonpathogenic Oomycete Pythium oligan-
drumwas able to stimulate host plant defenses when present in the rhi-
zosphere of different plants (Benhamou et al. 2012) and reduced Pa.
chlamydosporawood necrosis by a higher induction of the genes nor-
mally activated during pathogen infection (Yacoub et al. 2016).

Discussion
The complexity of GTDmanagement is increasingly evident as re-

search deepens our knowledge on the topic. Agronomical, environ-
mental, ecological, host plant, and pathogen factors are all involved
in the development and expression of GTDs, giving few possibilities
in building a conceptual model of GTDs effective in all viticulture
situations. In view of this complexity, the main goal of this review
was to attempt to synthesize the results obtained in the last 15 years
by scientific testing in the search for efficient tools, active ingredi-
ents, and biocontrol agents as a support for the control of the three
main GTDs. The review of scientific literature gave us the chance
to report the different approaches used to test and select products
and methods for control of GTDs.
Assayed a.i.s ranged from systemic to protectant, from broad-

spectrum to selective, and from synthetic to natural. Most of the
reviewed a.i.s were tested in vitro while only 50%were further tested
in bioassays. This proportion could be partially due to the lack of ac-
tivity obtained in vitro but also to the complexity in setting up and
following a long-term field study, which is unavoidable given the
“erratic” appearance of some GTD foliar symptoms. The variation
in efficiency often recorded for the same a.i. toward the same
GTD pathogens in different studies reflects the well-known complex-
ity of GTDs, but also attests to how other factors (a.i. formulation
used, time of application, climatic conditions, etc.) can influence ac-
tivity. Furthermore, the often very different applied protocols could
lead to an under- or overestimation in a.i. efficiency. For example,
Bester et al. (2007) linked the low Botryosphaeriaceae incidence
recorded after a prochloraz treatment to both the short time of the test
and the low stress condition of the vines growing in a glasshouse.
Such conditions could have limited the colonizing ability of the in-
oculated pathogens. Again, a.i. efficiency is surely underestimated in
the case of artificial inoculations by mycelial plug since wood path-
ogens usually infect by spores. In the same way, the spore concen-
tration used in artificial GTD inoculations could also affect the
treatment evaluation. If significantly higher than what is normally
expected in natural conditions, this high advantage for the pathogen
could lead to an underestimation of the efficiency of the chemical or
biological treatment. The results of Ayres et al. (2017), observing dif-
ferent efficiency levels for the same a.i. in wound protection trials
when different spore concentrations of E. lata were used, are in
agreement with this remark. Regarding the field trials, some proto-
cols seem too far from extensive and practical application. For wound
protection, the only application method already in use by growers
and economically feasible is the atomizer application of Tricho-
derma-based commercial products soon after pruning. Most of the
other a.i.s were applied directly on pruning cuts by local spraying
or hand painting. These modes of a.i. application are economically
feasible only in high-value vineyards and are suitable in large vine-
yards only if special tools are used to speed up the application. Sim-
ilarly, the pole and trunk injection methods used to distribute a.i.s in
some experimental tests become both expensive and time-consuming
if applied on a large scale in a vineyard, especially if they do not have
a long lasting effect. Thus, field trials that set up applicable and fea-
sible protocols, limiting the variability only to the unavoidable

factors (pathogen, climate, cultivars, etc.), could have a better impact
in setting up efficient tests.
Within the synthetic organic compounds, thiophanate-methyl was

the most “flexible” a.i., showing good efficiency to control infections
by GTD pathogens in vineyards and nurseries in Australia, Chile, New
Zealand, and the U.S.A. Even if they do not reach the efficiency levels
recorded for banned benomyl and carbendazim, thiophanate-methyl
could be a valid substitute useful to manage GTDs in nurseries and to
protect vines from new infections in the field. Different sensitivities to-
ward some a.i.s, such as thiophanate-methyl, chlorotalonil, iprodione,
procymidone, etc., recorded for Botryosphaeriaceae species and, in some
cases, for the vascular Esca complex pathogens were highlighted. Such
variability, which can limit the results of a treatment, could be overcome
by the use of a.i. combinationswith various differentmodes of action. As
a consequence, tests with commercial products of two a.i.s have shown
somepromising results.Despite their large use in nurseries, some a.i.swere
ineffective toward GTD pathogens. For example, 8-hydroxyquinoline
sulfate showed inconsistent results when used toward a species of
Botryosphaericeae, Pa. chlamydospora and Pm. minimum in soaking
water (Gramaje et al. 2009).
Among natural compounds, the efficiency of a garlic+chitosan+

vanillin mix for wound protection, and of an inorganic salt and sea-
weed extract mix in the reduction of GLSD symptoms indicate the
possibility of finding tools, based on natural substances, to help
and limit losses by GTDs in organic viticulture (Calzarano et al.
2014; Cobos et al. 2015). However, the results obtained up to now
with biostimulants showed that they are largely inefficient in vine-
yards, sometimes leading to an increase in disease incidence, possi-
bly because of faster and/or greater movement of fungal toxins to the
leaves. Still, the biostimulants field is developing and it cannot be
excluded that other products acting as biostimulants or defense in-
ducers can bring different results and efficacy. The use of biostimu-
lants in nurseries toward vascular pathogens appears to be promising,
where they reduced the length of necrotic lesions in potted plants arti-
ficially infected with Pa. chlamydospora (Calzarano and Di Marco
2007; Di Marco and Osti 2007).
For BCAs, although several microorganisms were tested, currently

only Trichoderma spp. have been shown to be the most suitable agent
for biological control of GTDs, in both field and nursery. The reason
for this supremacy probably stems from the synergistic action of
different biocontrol mechanisms, in their ecological characteristics
(saprotrophic, endophytic) and in the positive effects induced in the
host plants (Handelsman and Stabb 1996; Harman 2006; Pal and
McSpadden Gardener 2006). All these aspects allow Trichoderma
spp. to be used in different environmental conditions with almost
the same biocontrol efficiency observed in vitro, despite the recorded
influence of biotic and abiotic factors. With regard to this, Mutawila
et al. (2011, 2016) demonstrated how, following Trichoderma field
application on different cultivars, the BCA incidence during the
season could be highly variable and not related to its biocontrol
efficiency toward GTD pathogens. Age of vineyard, cultivar, en-
vironmental conditions, the age of the vines of first application (as
application at early stages is essential in a preventive control tool),
and also phenological grapevine stages were considered to be the
main factors responsible for either the variation in biocontrol effi-
ciency or the inconsistent results obtained with Trichoderma and,
more in general, for the low use of BCAs in vineyards for manage-
ment of fungal diseases.
Trichoderma can be useful as a preventive and long lasting treat-

ment for pruning wound protection. It is important to protect pruning
wounds with Trichoderma-based treatments as soon as possible in
young vineyards to avoid the increase of GTD infections. It also
seems important to choose the most suitable Trichoderma strains
according to the cultivar, the main GTD to control, and the climatic
conditions. The contemporary use of different Trichoderma strains
could reduce the variation in biocontrol levels due to environmental
factors (John et al. 2008; Aloi et al. 2015). Trichoderma spp. also
have several positive effects for nursery applications. Globally,
grafted vines had amore developed root system able to support plants
in stressful conditions such as transplantation in the vineyard.
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Furthermore, Trichoderma-treated vines were more resistant to wood
colonization by GTD pathogens and stimulate the general defense
reaction of the vine.
Among other promising BCAs, the rhizospheric P. oligandrum

showed high persistence in the root system and stimulated plant de-
fenses against complex pathogens. As reported by Yacoub et al.
(2016), P. oligandrum promotes a particular physiological condition
called priming, in which the plant is able to mobilize its defense re-
actions more intensely in response to infection by the Esca complex
pathogens.

Conclusions
All these studies clearly indicate that currently, there are many

possible solutions even if none can be seen yet as a straightforward
tool to add to the GTD management protocols. The control of
Botryosphaeria dieback, the Esca complex diseases, and Eutypa die-
back still represent a challenge for both end-users and scientists, even
if the knowledge on GTDs so far acquired allowed the identification
of some practices to limit the impact of GTDs in vineyards and nurs-
eries (Fontaine et al. 2016a). These practices could widely benefit
from the support of a.i.s and BCAs studied by scientists during recent
years.
High infection risks in nurseries and vineyards and the lack of cu-

rative treatments have encouraged the idea of a transversal strategy
for GTD control along the grapevine growing sector. According to
Armengol (2014), any GTD control method could be useless if ap-
plied only in the nursery or in the vineyard. To date, the best strategy
is to start the GTD control in the nursery to obtain healthier vines and
to continue the control in the vineyard, limiting contamination by
GTD pathogens. Recent studies support this strategy. For example,
Larignon and Bruez (2016) demonstrated that after 15 years in a vine-
yard without any treatment for GTD control, nursery-GTD-treated
plants were infected to a similar extent as those in the nursery-un-
treated group. Furthermore, the beneficial effect of early adoption
of good practices to limit the economic impact of GTDs in vineyards
was clearly reported by Baumgartner et al. (2014). According to that
study, the use of highly efficient control methods could strongly limit
the economic impact of GTDs up to its elimination, if the practices
are adopted within 3 years of planting the vineyard. Another problem
is that of knowledge transfer from scientists to end-users. To date,
despite the broad knowledge obtained by research on GTDs, they
are not well known in some countries and are often confused with
one another by vine-growers, leading to underestimation or to the
adoption of wrong practices and treatments. First results of the
WINETWORK project (http://www.winetwork.eu/), funded by Eu-
ropean Community and focused on the knowledge transfer on GTDs,
are demonstrating that this transfer fault has boosted many empirical
attempts to “solve” the problem, sometimes reporting a tool as “a
cure” but without any scientific validation, or continuing to use in-
efficient a.i.s or practices. In this regard, a recent European survey
on nursery practices attested how 11.6% of nurseries still use no fun-
gicides or disinfectants during the entire production process and,
when used, the most common one is based on an a.i. that was shown
to be nonefficient for the control of GTDs when assayed in scientific
trials (Gramaje and Di Marco 2015).
Trials on promising ways to develop tools to support GTD control

are ongoing. For example, recent studies are focusing on the trans-
location of a.i.s inside plants. In particular, carboxylic acid function,
methyl groups, amino-acids, or sugars can be added to a.i. molecules
to increase their translocation in plant tissues or to transform nonsys-
temic molecules into a.i.s able to reach the pathogens in woody tis-
sues (Chollet et al. 2004, 2005; Wu et al. 2015).
Regarding BCAs, they are at present the most efficient agents for

sustainable disease management, both in the vineyard and nursery.
They can be used not only in organic viticulture but also in integrated
strategies, for example, by the use of benzimidazole-resistant Tricho-
derma mutants (Mutawila et al. 2015). The integrated a.i.-BCA ap-
proach could take advantage of the specific characteristics of both
control methods toward GTDs, namely i) the immediate protective
effect of the a.i. and ii) the broad-spectrum and lasting efficacy of

the BCA, coupled with their positive effects on plants. For instance,
BCAs could limit the effect of biotic and abiotic stress that often
leads to higher symptom expression levels (Sosnowski et al. 2011;
Spagnolo et al. 2014, 2017; Van Niekerk et al. 2011c). The BCA
could have a positive effect through actions on host plant metabolism
changes and disorders determined by plant defense responses and
fungal toxins, respectively (Abou-Mansour et al. 2015; Burruano
et al. 2016; Fontaine et al. 2016b). The study of both the grapevine
microbiome and its interaction with grapevine could represent a tech-
nological development in the control of these diseases, permitting the
identification of new BCAs useful for GTD pathogens and/or the
host plant defense system (Pinto and Gomes 2016). Other promising
opportunities to limit GTD spread and damage could be linked to the
transfer of resistance factors from wild species into new GTD-resis-
tant varieties, as was done for other important grapevine diseases
such as downy or powdery mildew (Eibach et al. 2007). In this di-
rection and according to the putative genetic basis of Vitis vinifera
that confers a different sensibility to GTDs, ongoing studies are
addressed to find GTD resistance genetic factors within the Vitaceae
family for transfer into cultivated ones. Some promising results have
been obtained for Botryosphaeria dieback (Guan et al. 2016). Nev-
ertheless, the introduction of genetically modified grapevine culti-
vars could show different issues, linked either to the prohibition of
their use in some countries or to the required adjustment in terms
of cultural and enological practices (Pedneault and Provost 2016).
In conclusion, the perspectives for efficient GTD control could take

advantage of both the GTD knowledge reservoir so far built and the on-
going new insights. A holistic view of the problem could be the key to
definewinning strategies for the control ofGTDs,whosemodel could also
be applied for the control of other complex plant diseases.
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UTILIZZO DI ACQUA ACIDA ELETTROLIZZATA IN VIVAIO NEI CONFRONTI 
DI PATOGENI DEL LEGNO DELLA VITE 

 
-. DI 'A,C)1,  . )-.I1, D. B)--I)2, '. ()CE(.I(I2, E. 'E.,/CCI)1, E. 

BA..I-)(2, &. '/G(AI2  
1 IHI>IJID 9> B>DB:I:DGDADg>6, C(, - 0>6 G. GD7:II>, 101, 40129 BDADgC6 

2 D>E6GI>B:CID 9> -8>:CO: PGD9JO>DC> AgGD6A>B:CI6G> : 9:AA'AB7>:CI:, /C>K:GH>IP 9:gA> -IJ9> 
9>  >G:CO:, P>6OO6A: 9:AA: C6H8>C:, 28, 50144  >G:CO:    

H.9>B6G8D@>7>B:I.8CG.>I 
 

RIASSUNTO  
Phaeomoniella chlamydospo a (Pch) : Phaeoac emonium minimum (Pmi) HDCD > EG>C8>E6A> 
;JCg=> E6IDg:C> 6HHD8>6I> 6 B6A6II>: 9:A A:gCD 9:AA6 K>I: >C K>K6>D. +J:HI> E6IDg:C> EDHHDCD 
86JH6G: C:A B6I:G>6A: 9> EGDE6g6O>DC: >C;:O>DC> A6I:CI>, HE:HHD 6HHD8>6I: 6 ;DGB: 9> 9:E:G>B:CID 
>C >BE>6CI> g>DK6C>. &'>C;:O>DC: EJR K:G>;>86GH> 9JG6CI: 9>K:GH: ;6H> 9:A EGD8:HHD EGD9JII>KD, >C 
E6GI>8DA6G: 9JG6CI: A'>9G6I6O>DC:. P:G G>9JGG: FJ:HID G>H8=>D H> Q >CI:HD K6AJI6G: AX6II>K>IP 9> 68FJ6 
68>96 :A:IIGDA>OO6I6 (EA1) JI>A>OO6I6 E:G >9G6I6G: A: I6A:: EG>B6 9:AAX>CC:HID. &'EA1 Q JC 
>g>:C>OO6CI: 86G6II:G>OO6ID 96 EH 2,5, EDI:CO>6A: 9> DHH>9DG>9JO>DC: (),P)>1000 : 8ADGD A>7:GD. 
-DCD HI6I: :;;:IIJ6I: EGDK: HJ 3 EDGI>CC:HI>: 1103P, K5BB : -)4 (8JAI>K6G .G:77>6CD 
,DB6gCDAD) >C 6B7>:CI: 8DCIGDAA6ID : >C K>K6>D, HJ B6I:G>6A: >CD8JA6ID 6GI>;>8>6AB:CI: 8DC Pch. 
I EG>C8>E6A> G>HJAI6I> >C9>86CD JC6 H>gC>;>86I>K6 G>9JO>DC: 9:AAX>C;:O>DC: 9> Pch G>A:K6I6 6AA6 ;>C: 
9:A 8>8AD K:g:I6I>KD, HJ E>6CI: >9G6I6I: >C EA1. 
 
Parole c iave: Phaeomoniella chlamydospo a, Phaeoac emonium minimum, >9G6I6O>DC: 
EDGI>CC:HID, HIG6I:g>: 9> 9>;:H6 >C K>K6>D K>I>8DAD 
 

SUMMARY 
AC.I0I.3 )  E&EC.,)&34ED ACID 1A.E, .)1A,D- .,/(K DI-EA-E 

PA.H)GE(- I( G,APE0I(E (/,-E,3 
Phaeomoniella chlamydospo a (Pch) 6C9 Phaeoac emonium minimum (Pmi) 6G: I=: B6>C 
gG6E:K>C: IGJC@ 9>H:6H: E6I=Dg:CH I=6I 86JH: >C;:8I>DCH >C I=: CJGH:GN 6C9 6G: D;I:C 6HHD8>6I:9 
ID 9:8A>C: D88JGG:C8: >C NDJCg K>C:N6G9H. .=: >C;:8I>DC B6N D88JG 9JG>Cg I=: gG6;I>Cg EGD8:HH, 
E6GI>8JA6GAN 9JG>Cg =N9G6I>DC. .=>H HIJ9N 6HH:HH:9 I=: 68I>K>IN D; :A:8IGDANO:9 68>9 L6I:G (EA1) 
ID G:9J8: I=: G>H@ D; >C;:8I>DCH 9JG>Cg I=: =N9G6I>DC D; 8JII>CgH 7:;DG: gG6;I>Cg. EA1 >H 6 
H6C>I>O>Cg 6g:CI 8=6G68I:G>O:9 7N ADL K6AJ:H D; EH (2.5), =>g= DM>96I>DC-G:9J8I>DC EDI:CI>6A 
(),P>1000) 6C9 6 8:GI6>C 6BDJCI D; ;G:: 8=ADG>C:. .G>6AH L:G: E:G;DGB:9 DC I=G:: GDDIHID8@H 
1103P, K5BB 6C9 -)4 (.G:77>6CD ,DB6gCDAD 6H H8>DC), JC9:G 8DCIGDAA:9 8DC9>I>DCH 6C9 >C I=: 
CJGH:GN L=:G: EA6CIH L:G: 6GI>;>8>6AAN >CD8JA6I:9 L>I= Pch. .=: BDHI >BEDGI6CI G:HJAIH H=DL:9 
6 H>gC>;>86CI G:9J8I>DC D; I=: >C;:8I>DC H:K:G>IN DC 8JII>CgH >CD8JA6I:9 L>I= Pch 6C9 =N9G6I:9 >C 
EA1 6HH:HH:9 >C I=: CJGH:GN 6I I=: :C9 D; I=: K:g:I6I>K: gGDL>Cg H:6HDC. 
 
Key,ords: Phaeomoniella chlamydospo a, Phaeoac emonium minimum, 8JII>Cg =N9G6I>DC, 
gG6;IA>Cg 8DCIGDA HIG6I:gN 
 

INTRODUZIONE 
Phaeomoniella chlamydospo a (Pch) :, >C B>HJG6 B>CDG:, Phaeoac emonium HEE. - P. 

minimum (Pmi) >C E6GI>8DA6G: - HDCD > EG>C8>E6A> E6IDg:C> 6HHD8>6I> 6A 8DBEA:HHD EH86, A6 E>S 
>BEDGI6CI: : 9>;;JH6 B6A6II>6 9:A A:gCD 9:AA6 K>I: (-JG>8D et al, 2008). IC K>K6>D, Pch : Pmi 



EDHHDCD >C;:II6G: >A B6I:G>6A: 9> EGDE6g6O>DC: 9JG6CI: IJIID >A EGD8:HHD EGD9JII>KD, HDEG6IIJIID 
C:AA6 ;6H: 9X>9G6I6O>DC: EG>B6 9:AAX>CC:HID, : EDHHDCD 86JH6G: >B7GJC>B:CI> 6A A:gCD HDIID ;DGB6 
9> EJCI:gg>6IJG: : HIG>: 7GJCD-C:G6HIG:. GA> >B7GJC>B:CI>, C:AA6 B6gg>DG E6GI: 9:> 86H>, CDC HDCD 
6HHD8>6I> 6 H>CIDB> :HI:GC>, G:C9:C9D >BEDHH>7>A: 9>HI>CgJ:G: JC6 E>6CI6 >C 8J> > E6IDg:C> HDCD 
EG:H:CI> 96 JC6 E>6CI6 :H:CI: 96 >C;:O>DC:. .JII6K>6, H:77:C: CJB:GDH> HIJ9> >C9>8=>CD A6 
EG:H:CO6 9> E6IDg:C> C:A A:gCD 9:AA: K>I> 6AA6 ;>C: 9:A EGD8:HHD 9> EGDE6g6O>DC:, : FJ:HI> H>6CD 
HI6I> 9>BDHIG6I> :HH:G: 6HHD8>6I> 6 ;:CDB:C> 9> 9:E:G>B:CID C:> CJDK> >BE>6CI> (E9L6G9H : 
P6H8D:, 2004) CDC Q HI6ID 6C8DG6 9>BDHIG6ID 9:;>C>I>K6B:CI: >A GJDAD 9:AA: >C;:O>DC> C:A B6I:G>6A: 
9> EGDE6g6O>DC: HJAA6 E:G;DGB6C8: 9:AA: E>6CI: >C K>gC:ID (GG6B6j: : AGB:CgDA, 2011).   
'DAI: G>8:G8=: 8DC9DII: C:AA: EG>C8>E6A> ;6H> 9> EGD9JO>DC: 9:AA: 76G76I:AA: HDCD HI6I: 

;>C6A>OO6I: 6AAD HK>AJEED 9> JC6 HIG6I:g>6 8=: 8DCH:CI6 >A 8DCI:C>B:CID 9:AA: >C;:O>DC> 96 Pch : 
Pal : >A B>gA>DG6B:CID FJ6A>I6I>KD 9:AA6 76G76I:AA6.  I G>HJAI6I> E>S EGDB:II:CI>, H:77:C: CDC 
G>HDAJI>K>, HDCD HI6I> 8DCH:gJ>I> JI>A>OO6C9D ;DGBJA6I> 6 76H: 9> T ichode ma, 8DC JC6 G>9JO>DC: 
9:AA6 H:K:G>IP 9:AA: >C;:O>DC> : JC B>gA>DG6B:CID 9:AAX6EE6G6ID G69>86A: 9:AA6 76G76I:AA6 (D> 
'6G8D : )HI>, 2007;  DJG>: et al., 2007; GG6B6j: : D> '6G8D, 2015; P:GIDI et al., 2016).  
&X68FJ6 68>96 :A:IIGDA>OO6I6 (EA1) Q JC 9>H>C;:II6CI: JI>A>OO6ID EG:K6A:CI:B:CI: HJ HIGJB:CI> 

8=>GJGg>8> : E:G A6 HI:G>A>OO6O>DC: 9> EGD9DII> 6A>B:CI6G> (HJ6Cg et al., 2008), :9 Q DII:CJI6 E:G 
:A:IIGDA>H> 9> HDAJO>DC> 9> (6CA D 9> KCA, :H:gJ>I6 >C JC6 HE:8>6A: 6IIG:OO6IJG6 9DK: 6CD9D : 
86ID9D HDCD H:E6G6I> 96 JC6 B:B7G6C6 6 H86B7>D 86I>DC>8D. EA1 Q EGD9DII6 6AAX6CD9D :9 Q 
86G6II:G>OO6I6 96 EH 2,3-2,7, EDI:CO>6A: 9> DHH>9D-G>9JO>DC: (),P)>1000 : JC6 8:GI6 E:G8:CIJ6A: 
9> 8ADGD A>7:GD (&> et al., 2014).  
D>K:GH> HIJ9> =6CCD :K>9:CO>6ID :;;:II> 9> 68FJ: 68>9: :A:IIGDA>OO6I:, JI>A>OO6I: >C K6G>D BD9D, 

C:> 8DC;GDCI> 9> E6IDg:C> 9:AA: E>6CI: FJ6A> Bot ytis HEE., Fusa ium HEE., Cladospo ium HEE., 
Helminthospo ium HEE., Colletot ichum HEE., Epicoccum nig um, Monilinia f ucticola, 
Phomopsis longicolla,  Aspe gillus flavus, Penicillium expansum D Tilletia indica ( Jj>L6G6 :I 
6A., 2011; 2>DCg :I 6A., 2014) :, EG:A>B>C6GB:CI:, HJ Pch : Pmi (D> '6G8D : )HI>, 2009). 
IA EG:H:CI: A6KDGD G>EDGI6 gA> :;;:II> 9> 6EEA>86O>DC> 9> EA1 >C K>K6>D ;>C6A>OO6I: 6A 

8DCI:C>B:CID 9> >C;:O>DC> 9> Pch EGDKD86I: 6GI>;>8>6AB:CI: HJ I6A:: 9> 6A8JC> EDGI>CC:HI> IG6 > E>S 
JI>A>OO6I> HJ K>I:. 
 
 

MATERIALI E METODI 
 
Trattamento e verifica di piante vegetanti e certificabili 
&X68FJ6 68>96 :A:IIGDA>OO6I6 (EA1) Q HI6I6 DII:CJI6 96 JC g:C:G6IDG: EA1-AG25 (CBC 

EJGDE:, (DK6 '>A6C:H:) 6IIG6K:GHD JC EGD8:HHD 9> :A:IIGDA>H> 6 B:B7G6C6. &XEA1 JI>A>OO6I6 C:A 
EG:H:CI: HIJ9>D 6K:K6 > H:gJ:CI> K6ADG>: EH = 2,5U2,7; ),P = 1120U1129 B0, : 40U42 EEB 9> 
8ADGD A>7:GD. 
IA EGD8:HHD 9> >9G6I6O>DC: Q HI6ID :;;:IIJ6ID H:8DC9D A6 8DCHJ:IJ9>C: 9:A K>K6>D, DE:G6C9D 8DC 

B6OO> 9> 650-700 I6A:: 9> 8>6H8JCD 9:> 3 EDGI>CC:HI> 1103P, K5BB : -)4 Dgg:IID 9> >C96g>C:. 
&: I6A:: HDCD HI6I> EG:A:K6I: >C B6GOD, 9DED 8DCH:GK6O>DC: >C 8:AA6 ;G>gDG>;:G6 6 3-5TC, : >9G6I6I: 
>C EA1 D 68FJ6. &X>9G6I6O>DC: Q HI6I6 8DC9DII6 E:G 7-8 D 10-12 DG:, 6AAX>CI:GCD 9:> 8DCI:C>IDG> 
>C P0C CDGB6AB:CI: JI>A>OO6I> >C K>K6>D. &: I6A:: HDCD HI6I: FJ>C9> 69DE:G6I: 8DB: EDGI>CC:HID 
E:G B6GO: 9:AA6 8K .G:77>6CD ,DB6gCDAD. DDED AX>CC:HID 6 DB:g6 :H:gJ>ID 8DC >CC:HI6IG>8: 
B6CJ6A:, A: E>6CI: HDCD HI6I: HDIIDEDHI: 6 ;DGO6IJG6 >C H:g6IJG6 E:G 8>G86 3 H:II>B6C: :, 9DED JC6 
H:II>B6C6 9> 688A>B6I6B:CID >C H:GG6 CDC G>H86A96I6, HDCD HI6I: B:HH: 6 9>BDG6 HJ I:GG:CD >C 
K>K6>D. P:G DgC> I:H>, HDCD HI6I: EG:K>HI: 3 E6G8:AA: G6C9DB>OO6I:, 8>6H8JC6 8DHI>IJ>I6 96 150 
E>6CI: : 8DGG>HEDC9:CI: 6 JC6 G>E:I>O>DC:. &: 76G76I:AA: HDCD HI6I: E:G>D9>86B:CI: BDC>IDG6I: :9 



Q HI6ID :H:gJ>ID JC G>A>:KD 6AA6 G688DAI6 6IID 6 K:G>;>86G: A6 E:G8:CIJ6A: 9> E>6CI: K>K: G>HE:IID 6 
FJ:AA: >C>O>6AB:CI: E>6CI6I: >C K>K6>D, : A6 E:G8:CIJ6A: 9> E>6CI: 8:GI>;>867>A> 9> EG>B6 H8:AI6 (D>G. 
2002/11/CE) G>HE:IID 6 FJ:AA: K>K: 6AA6 G688DAI6. 
P:G DgC> EDGI>CC:HID : I:BED 9> >9G6I6O>DC: G:6A>OO6ID JI>A>OO6C9D 68FJ6 D EA1, > 96I> DII:CJI> 

:HEG>BDCD A6 E:G8:CIJ6A: B:9>6 9> 76G76I:AA: G688DAI: G>HE:IID 6 FJ:AA: >C>O>6AB:CI: E>6CI6I: >C 
I:GG:CD 9> K>K6>D, : A6 E:G8:CIJ6A: B:9>6 9> 76G76I:AA: 8:GI>;>867>A> G>HE:IID 6 FJ:AA: G688DAI:. I 
96I> HDCD HI6I> 6C6A>OO6I> HI6I>HI>86B:CI: B:9>6CI: A()0A (P=0.05) E:G 9>H8G>B>C6G: gA> :;;:II> 
9:> 9>K:GH> I>E> 9> 68FJ6 JI>A>OO6I>. 
&6 EGDK6 Q HI6I6 8DC9DII6 C:A 2015 : 2016 8DC 6C6ADg=: BD96A>IP 9> :H:8JO>DC:. 

 
Inoculazione di Pch e trattamento  
/AI:G>DG> 100 I6A:: E:G 8>6H8JCD 9:> 3 9>K:GH> EDGI>CC:HI> Dgg:IID 9X>C96g>C: HDCD HI6I: 

EG:A:K6I: >C ;:77G6>D 9JG6CI: A6 ;G>gD-8DCH:GK6O>DC: 6 3-5TC : HDCD HI6I: >CD8JA6I: B:9>6CI: 
HDHE:CH>DC: 68FJDH6 9> 8DC>9> 9> Pch. &X>CD8JAD Q HI6ID DII:CJID 96 8DADC>: 9> Pch 
(Phaeomoniella chlamydospo a, CB- 229.95) 9> 15-20 g>DGC>, 8G:H8>JI: HJ PDA : B6CI:CJI: 
>C ;G>gD-I:GBDHI6ID 6 25TC : ;DIDE:G>D9D 9> 12 DG: 9> AJ8: : 12 9> 7J>D. DDED 9:EDH>O>DC: 9> 
68FJ6 HI:G>A: C:AA6 E>6HIG6, A6 8DADC>6 Q HI6I6 A:gg:GB:CI: G6H8=>6I6 8DC 6CH6 : A6 HDHE:CH>DC: 
8DC>9>86 Q HI6I6 6gg>JHI6I6 6AA6 8DC8:CIG6O>DC: 9XJHD 9> 1M105/BA, 9:I:GB>C6I6 >C 8:AA6 .=DB6. 
&X>CD8JA6O>DC: Q HI6I6 8DC9DII6 >BB:Gg:C9D A6 76H: 9:AA6 I6A:6 (2 8B) E:G 2 DG:, >C G:8>E>:CI> 9> 
P0C 8DCI:C:CI> A6 HDHE:CH>DC: 8DC>9>86, 8=: Q HI6I6 E:G>D9>86B:CI: 6g>I6I6 E:G :K>I6G: A6 
9:EDH>O>DC: 9:AAX>CD8JAD HJA ;DC9D 9:A G:8>E>:CI:. AAIG: 50 I6A:: E:G DgC> EDGI>CC:HID HDCD HI6I: 
>BB:GH: >C 68FJ6, H:8DC9D A: HI:HH: BD96A>IP, 6 G6EEG:H:CI6G: A6 I:H> CDC >CD8JA6ID : CDC IG6II6ID. 
&: I6A:: HDCD HI6I: ED> G>8DAAD86I: >C ;G>gD-8DCH:GK6O>DC:. 
A 45 g>DGC> 96AAX>CD8JA6O>DC:, 50 I6A:: >CD8JA6I: HDCD HI6I: IG6II6I: E:G >9G6I6O>DC: >C EA1 : 

50 >C 68FJ6, E:G 7-8 DG:. P6G6AA:A6B:CI:, A: 50 I6A:: CDC >CD8JA6I: HDCD HI6I: >9G6I6I: >C 68FJ6 
E:G A6 K6AJI6O>DC: 9:AAX>C;:O>DC: C6IJG6A:. 
&6 EGDK6 Q HI6I6 8DC9DII6 C:A 2016.  
 

Isolamento di Pch da talee e barbatelle 
GA> >HDA6B:CI> HDCD HI6I> :;;:IIJ6I> C:A I:HHJID A:gCDHD 9> I6A:: EG:A:K6I: EG>B6 

9:AAX>CD8JA6O>DC: : 9> 76G76I:AA: 6AA6 G688DAI6, ;D86A>OO6C9D AX6II:CO>DC: HJAA6 EG:H:CO6 9> Pch.  
0:CI> I6A:: EG:A:K6I: 6 86BE>DC: EG>B6 9:AAX>CD8JA6O>DC: HDCD HI6I: 9:8DGI>86I:, ;>6BB6I: 

HJE:G;>8>6AB:CI: : H:O>DC6I: ADCg>IJ9>C6AB:CI: >C IJII6 A6 ADGD AJCg=:OO6.  G6BB:CI> 9> A:gCD 
EG:A:K6I> 6 9>K:GH: 6AI:OO: :, H:BEG:, 96 6G:: 9> A:gCD >B7GJC>ID, HDCD HI6I> EDHI> >C E>6HIG: P:IG> 
8DCI:C:CI> PDA + HIG:EIDB>8>C6. &: E>6HIG: HDCD HI6I: 8DAAD86I: >C ;G>gD-I:GBDHI6ID 6AA6 
I:BE:G6IJG6 : ;DIDE:G>D9D HDEG6 G>EDGI6I> E:G >A B6CI:C>B:CID 9> 8DADC>: 9> Pch >C 8G:H8>I6, 
K:G>;>86C9D AX:K:CIJ6A: HK>AJEED 9:A E6IDg:CD.  
DDED A6 G688DAI6, 20 76G76I:AA:, DgCJC6 9:AA: FJ6A> G6EEG:H:CI6CI: JC6 G>E:I>O>DC:, 9> DgC> 

8DB7>C6O>DC: >CC:HID/EDGI>CC:HID, >CD8JA6I: : IG6II6I: >C EA1 D 68FJ6 (CDC >CD8JA6I: : IG6II6I: 
>C 68FJ6 E:G AX>C;:O>DC: C6IJG6A:) HDCD HI6I: 9:8DGI>86I: : ;>6BB6I: HJE:G;>8>6AB:CI:. -DCD HI6I: 
ED> G>86K6I: 96A IGDC8D H:O>DC> IG6HK:GH6A> 9> A:gCD, 6 9>K:GH: 6AI:OO: 6 E6GI>G: 96A EJCID 9> 
>CD8JA6O>DC:. C>6H8JC6 H:O>DC: A:gCDH6 Q HI6I6 HJ99>K>H6 >C 4-6 ;G6BB:CI> 8=: HDCD HI6I> 
8DAAD86I> >C E>6HIG: P:IG> 8DCI:C:CI> PDA + HIG:EIDB>8>C6. AIIG6K:GHD E6HH6gg> HJ88:HH>K> >C 6AIG: 
E>6HIG: 8DC 6C6ADgD HJ7HIG6ID CJIG>I>KD, H> Q K6AJI6I6 A6 EG:H:CO6 9> 8DADC>: 9> Pch. P:G DgC> I:H>, 
EDGI>CC:HID : 9>HI6CO6 96AA6 76H: 9:AA6 76G76I:AA6 > 96I> EGDK:C>:CI> 96 IJII: A: E>6CI: HDCD HI6I> 
B:9>6I> : 6C6A>OO6I> HI6I>HI>86B:CI: 8DC .J@:N ',., P = 0,05. 
P:G DgC> EDGI>CC:HID, HDCD HI6I> 6C6A>OO6I> > 96I> G:A6I>K> 6A G:>HDA6B:CID 9:A ;JCgD ;>CD 6AA6 

9>HI6CO6 96A AJDgD 9> >CD8JA6O>DC: >C 8J> A6 E:G8:CIJ6A: B:9>6 9> ;G6BB:CI> ;:GI>A> E:G Pch =6 













;G6BB:CI> ;:GI>A> 9> Pch H>B>A: 6 FJ:AA6 G>A:K6I6 C:AA: E>6CI: CDC >CD8JA6I: : >9G6I6I: >C 68FJ6 
HDAD 6 JC6 9>HI6CO6 96A I6AADC: 9> 20 8B E:G 1103P : 25 8B E:G -)4 : K5BB. 
 

DISCUSSIONE E CONCLUSIONI 
IA EG:H:CI: HIJ9>D Q HI6ID 8DC9DIID 6 8DBEA:I6B:CID : 8DC;:GB6 9> JC6 E>S 6BE>6 G>8:G86 6II6 

6 K6AJI6G: 86G6II:G>HI>8=:, BD96A>IP 9X6O>DC: : >CI:G6O>DC> 8DC > E6IDg:C> : A6 E>6CI6 DHE>I: 
9:AAXEA1, : ;>C6A>OO6I6 6AAD HK>AJEED 9> JC6 HIG6I:g>6 9> 8DCI:C>B:CID 9:AA: >C;:O>DC> 9> E6IDg:C> 
;JCg>C> 9:A A:gCD 9> K>I: >C K>K6>D (D> '6G8D et al., 2017). 
I 96I> FJ> G>EDGI6I> BDHIG6CD 8=: AX>9G6I6O>DC: 8DC EA1 CDC =6 B6> >CI:G;:G>ID HJAA6 

E:G8:CIJ6A: 9> E>6CI: 8:GI>;>867>A> G>HE:IID 6 FJ:AA: G688DAI:. 
.JII6K>6 H> Q G>A:K6I6 JC6 G>9JO>DC: 9> E>6CI: K:g:I6CI> 6 H:gJ>ID 9:AAX>9G6I6O>DC: >C EA1 B6 

HDAD >C JC6 8DB7>C6O>DC:, K5BB/.G:77>6CD ,DB6gCDAD, : HDAD H: HDIIDEDHI6 69 JC6 EGDAJCg6I6 
>9G6I6O>DC: (10-12 DG:). .6A: :;;:IID ;>IDIDHH>8D EDIG:77: 8DHI>IJ>G: JC A>B>I: 9:AAX6EEA>86O>DC: : 
9DKG:77: :HH:G: K6AJI6ID EG:A>B>C6GB:CI: C:AA: 9>K:GH: 8JAI>K6G : 8DB7>C6O>DC> 
C:HID/EDGI6>CC:HID, B6 K6 G>8DG96ID 8=: G>A>:K> EG:8:9:CI:B:CI: 8DC9DII> HJAAX6HHDG7>B:CID : 
HJAAX>9G6I6O>DC: 9:AA: I6A:: E:G > EDGI>CC:HI> >CK:HI>g6I> : A: 8DC9>O>DC> 9:AA6 EGDK6, =6CCD 
BDHIG6ID 8=: JCX>9G6I6O>DC: 9> 7-8 DG: >C 68FJ6 D EA1 :G6 69:gJ6I6 6 g6G6CI>G: JC6 8DGG:II6 
>9G6I6O>DC: 9:AA6 I6A:6 (D> '6G8D : )HI>, 2009).  
CDCH>9:G6C9D gAD76AB:CI: > G>HJAI6I> DII:CJI>, Q HI6ID EDHH>7>A: DHH:GK6G: JC6 8DCH>HI:CI: 

G>9JO>DC: 9:AA6 8DADC>OO6O>DC: >C H:gJ>ID 6AAX>C;:O>DC: 6GI>;>8>6A: 9> Pch C:AA: 76G76I:AA: 
9:G>K6CI> 96 I6A:: >9G6I6I: >C EA1, G>HE:IID 6 FJ:AA: >9G6I6I: >C 68FJ6.  
(:A B6I:G>6A: EGDK:C>:CI: 96 B6g6OO>CD EG:A:K6ID EG>B6 9:AAX>9G6I6O>DC:, H> Q CDI6I6 JC6 

H86GH6 EG:H:CO6 9> A:gCD C6IJG6AB:CI: >C;:IID 96 Pch, DKK:GD JC6 76HH6 E:G8:CIJ6A: 9> ;G6BB:CI> 
G>HJAI6I> ;:GI>A>. -J 76G76I:AA: 6AA6 G688DAI6, 9DED >CC:HID, ;DGO6IJG6 : G69>86O>DC:, AX>C8>9:CO6 
9:AA: >C;:O>DC> C6IJG6A>, :G6 B6gg>DG: G>HE:IID 6 FJ6CID G>A:K6ID HJAA: I6A:: >C B6g6OO>CD, EJG 
H:BEG: 6 ;GDCI: 9> JC6 A>B>I6I6 8DADC>OO6O>DC: DKK:GD A>B>I6I6 ;G:FJ:CO6 9> >HDA6B:CID. .6A: 
;6IID 8DC;:GB6 8=: >A G>H8=>D 9X>C;:O>DC: Q 8G:H8:CI: 9JG6CI: A: 9>K:GH: ;6H> 9> A6KDG6O>DC: 9:A 
B6I:G>6A: 9> EGDE6g6O>DC: (GG6B6j: : AGB:CgDA, 2011).  
&X>C8G:B:CID 9> >C;:O>DC: G>A:K6ID 6C8=: >C FJ:HID A6KDGD, EDIG:77: 6IIG>7J>G: JC JAI:G>DG: 

K6ADG: 6AAX6O>DC: 9> 8DCI:C>B:CID 9:AAX>C;:O>DC: 96 Pch 96 E6GI: 9:AAXEA1. IC;6II>, A6 
E:G8:CIJ6A: 9> ;G6BB:CI> ;:GI>A> C:AA: E>6CI: >CD8JA6I: : >9G6I6I: >C EA1, G>A:K6I6 E:G A: 3 
8DB7>C6O>DC> >CC:HID/EDGI>CC:HID g>P 6 5 8B 96A EJCID 9> >CD8JA6O>DC: : 6 9>HI6CO: HJE:G>DG>, Q 
g:C:G6AB:CI: 6AA>C:6I6 6 JC6 C6IJG6A: EG:H:CO6 9> Pch C:AA6 E>6CI6. IC 6AIG: E6GDA: AX>9G6I6O>DC: 
>C EA1 =6 G>9DIID JCX>C;:O>DC: 6GI>;>8>6A: 9> gG6K>IP :A:K6I>HH>B6, 6 A>K:AA> 9> 8DCI6B>C6O>DC: 
9:AA6 76G76I:AA6 V;>H>DADg>8>W E:G A: 8DC9>O>DC> >C 8J> H> Q DE:G6ID : A6 E6GI>I6 9> B6I:G>6A: A:gCDHD 
JI>A>OO6I6. 
/AI:G>DG> K:G>;>8=: EDIG6CCD :K>9:CO>6G: AX:K:CIJ6A: :;;:IID 9> G>9JO>DC: 96 E6GI: 9> EA1 9:AA: 

>C;:O>DC> 8=: H> K:G>;>86CD C6IJG6AB:CI: >C K>K6>D, >C JC 8DCI:HID >C 8J> CDC HDCD 6IIJ6AB:CI: 
9>HEDC>7>A> HIG6I:g>: 9> 9>;:H6 8=: 8DCH:CI6CD A6 EGD9JO>DC: 9> B6I:G>6A: 9> EGDE6g6O>DC: :H:CI: 
96 E6IDg:C> 9:A A:gCD.   
IC 8DC8AJH>DC:, > G>HJAI6I> 68FJ>H>I> >C FJ:HID A6KDGD : A: G:8:CI> :K>9:CO: HJAAX:;;>868>6 9> EA1 

C:A 8DCI:C>B:CID 9:AA6 g:GB>C6O>DC: 8DC>9>86 9> Pch : Pmi, : HJA B6CI:C>B:CID 9> ;6KDG:KDA> 
K6ADG> 9> EH : ),P 6C8=: 9DED >A 8DCI6IID 8DC > I:HHJI> 9:AA6 E>6CI6 DHE>I: (D> '6G8D : )HI> 
2009; D> '6G8D et al., 2017), HJgg:G>H8DCD JC EDI:CO>6A: JI>A>OOD 9:AAX68FJ6 68>96 :A:IIGDA>OO6I6 
E:G A6 G>9JO>DC: 9:A A>K:AAD 9> 8DCI6B>C6O>DC: 9:AA: K>I> 96 E6IDg:C> 9:A A:gCD C:A EGD8:HHD 9> 
EGDE6g6O>DC: 9:AA: 76G76I:AA: >C K>K6>D. 
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