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e�K_M\]^i¾OžTXadcXe‡kq]^[_OQ]µONK`TfRUTXvS”LeL‚�—ŽIlTX[gTXILvuTf[•iUT�zbK`TXkqIUTXadcXe!]xiUT�h"ˆb[srßz�KQTbkqIUTXadcfel•¹T�ebKNMS]^ijO`Tba^cXe

kq]^[_OQ]Â]Âkq]ÂebIqONKNeb[†]^[NONIlkqeb[†]Âeb[«pjIUT½OQK_e•àLvPOQMSo:e�[¨TfiLeb[†]^o…pjIL]ÇONK`TfRUTXvS”UTfo:eb[ÀáªILijONe�[«mne�o…mt]^KsOQ]^âƒT

©Èe�KQTXo+RUTf[NO`TXijON]ÊMSo:h"e�KsOžTfijOQ]^[¹]^o4o:MSiL”UT�©ÈebKNo•TXadcfe¶OQ•dmtiqMumdT1]¢mtMS]^ijON­SãlmdTq‚

Æ’zbK`TXkq]date{ä�o:MSiL”UT�zbK`Tfilkq]A©åTfo:­SvSMÁTµpjIL]:[N]^o:hLKN]:o:]•Tfh"e�MSebI‡iLeµ]^[NONIlkqex]:iLeµOQK`TfRUTfv\”qew]

[QebILR"]g]^ijOQ]^ilk–]^K�eyh"ebKQpjIL•~kq]gvSMS ŽKNe�[�]�TXKsOQMSz�eb[1]t[QhUTfvS”UTbk–e�[1h"]^vuT{mdTf[žT–‚yÆ¹eb[�o:]^IL[

Y

M\K_o•cXeb[d•
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àLiLM\ebKd•‹¡¤¥fRLMSel•‹¬˜]ƒTfilkqKNe�]6}y¥fKQmnM\eL•’]6äŒo:MSiL”UTŒMSKNo•c�—ŽM\o¶e�iL]�çå©ÈIqONILK`TŒoAcX]�kq]6}{TfON”L]^IL[žèn•

TXzbK`TXkq]dateyh"]tvÁTf[1mte�ij �]^KN[`Tf[�]go:ebo:]^ijONe�[�kq]~k–MS �]^KN[`cXe{]gkq]^[Qmte�i¾OQK`TXadcfel•†pjIL]•M\iq©È]^vSM\â^o¶]^ijOQ]giUcfe

©Èe�KQTXoCo�ILMPOQeb[€iLešh7]tKN­Se–kqe1kq]‹kq]^[N]^ij �e�vP –MSo:]^ijONe1kq]^[_OQ]ÄONK`TfRUTXvS”LeL‚¤Æ¹ešo:]^IghUTfM˜—ŽMSvP –M\e�[NebIgz�KQTfONe

h"]^vÁTÊMSijOQ]^iL[`T¢mtebRLK`TfiladT´kq]¹OQK`TfRUTfv\”LeL§•]^vuTf[ÇTbmdTfRUTfK`TfoC[N]‘KN]tél]tONM\ilk–e´OžTfo�R"•^oE]^oEo:]tIL[J]^[_OQILkqe�[d‚
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iLeb[N[žTxpjIL]tKNM\klTxo•cf]~}{TfKNMSv\]^iL]•[NebI‡z�KQTfONe{h"ebKšo¶M\iL”UTxmtKNMuTXadcXeL••h"]^vSe�[š[Q]tIL[š]^iL[NM\iUTfo:]^ijONe�[š]

TXo:ebKÂo•TfON]^KNiLeL•lk–e�[‘pjIUTXMS[ÂOQ]^o¶e�[¹o�ILMPO`T1[`TXILklTbkq]�‚

Æ’zbK`TXkq]date•ä�o:MSiL”UT1iUTfo:e�KQTbklT�Æ’ijOQebiLMS]^vS]š„‰]t[Q[NMSiLM£pjIq]¢©Áe�K_ON]^o:]^i¾OQ]ÊMSiqélIL]^ilmtMSebIw]^o+o:MSiL”UT

©Èe�K_o•TXadcXeL•›kq]^[Qkq]•T~]^[Qmtebv\”UT�kqexmtILKN[Nexkq]:zbK`TXkqIUTXadcXex]to@“¤iLzb]^iL”UTXK_MÁTxH€MP –MSvë•£iLeb[N[žT~hLK_ebãl[N[`cXeL‚

—Že�I:zbK`T½OQeÊO`TXošR"•^o>h"ebK«]^ijOQ]^ilk–]^K«e¢o:]^IAmtebo:hLKNebo:]tONM\o¶]^ijOQe¢mtebo>]^[_OQ]ÂOQKQTXRUTfvS”Lel•jpjIL]ÄTXvSzbILo•Tf[

 ¾]^â^]^[•iLeb[g©Áe�KNate�I�T!TbkqMuTfK~TXvSzbILo•TX[•[`TX­\klTf[g]wo:ebo:]^i¾OQeb[´áªILi¾OQeb[ƒ‚Ô—ŽIUT!mne�o:hUTfiL”LMuT6•wo�IqMSONe

M\o:h"ebK_O`TXi¾OQ]ÊhUTfK`T1o:MSo+]´TX[N[NMSo4©ÈebM£kqILKQTXi¾OQ]•OQeŽklT:T1]t �e�vSIladcfeAkq]^[_OQ]•ONK`TXRlTXvS”LeL‚

—ŽebI‡zbK`T½OQeµOžTfo�R"•^oBTfe�[šo¶]^IL[šhUTXkqKNMSiL”Leb[d•†•‘]tiUTµ]�—Ž•tKNzbM\eL••h"]^vSeyTXh"ebM\e{pjIL]:OQMP ¾]•pjIUTfilkqe

hLKN]dmtMS[N]^MÌ‚

Æ’zbK`TXkq]dateATfewìfíXî¢î‹ï•rJ¬›TfR"e�KQTfOQˆbKNMSe:kq]´“†[_ONIlkqe�[Â]^o»}weŽkq]^vuTXzb]^o4]¢}webiLMPOQebK`Tfo:]^ijONe:ÆÄo1r

RLM\]tijOžTfvJ]gTfe{ËÃiL[_ONMSONIqOQe{™›]dmtiqe�vSˆ�zbM\mte�—ŽM\o¶]^hUTfKšh"]^vuTx]t[NONKNIqONILK`T–•‰KN]dmtILK_[Ne�[d••kqMS[Qh"ebiLMSRLM\vSMSâƒTXadcXeÞkq]
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z�]^iL”lTXKNMuT�]•äµŸ‘iLMP ¾]tKN[NMuklTXkq]A¡l]dkq]tK`TXv«kqew„¤TfK`TfiU¥q•£h"]^vuT�]^[_OQK_IqOQILKQT�kqM\[Nh"ebiLMSRLM\vSMSâƒTbkLTxhUTfK`T~o:]^IL[
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OQK`TfRUTfv\”Leb[‘©ÁIqOQILK_e�[d‚
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Z

K^‚8ÆÄilkqKN]ƒTf[xŠ‹KQTXIL]^K^•

[QebI6z�KQTfONexh"]^v\ex©ÈebKNiL]dmnM\o:]tijOQewkqeb[šklTXkqe�[šk–]•pjIUTfvSMuklTXkq]•kqe{TfK´klT�KN]dkq]Akq]:o:e�iLMPOQebK`Tfo:]^i¾OQex]

h"]^vÁTf[•]nœqh"]^KNMS•^ilmtMuTf[¢mte�o¶hUTXKsOQMSv\”UTXklTf[ÊiL]^[_OžT~¥fKN]dTq•˜mne�o3TX[Êp¾IUTXMS[•o�ILMPOQeµTfhLKN]tilkqM¤]�h"]^KNo:MPOQMSK`Tfo
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kq]^[N]^ij ¾ebvP –M\o¶]^ijOQe:kq]^[_OžT¶kqMS[N[Q]tK_OžTXadcfel‚

Æ’zbK`TXkq]date6TwOQeŽkqe�[ATfo:MSz�eb[¶]µmne�vS]^z¾TX[:pjIL]µkq]µTXvSzbILo•T{©Èe�K_o•TymtebvuTXR"ebK`TfK`TfoôiUT{]t ¾ebvSIladcXe
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kqe�[¹hLK_e–mt]^[N[Neb[‘©È­S[NMumne�[‘kq]•OQILK_RLILvS•^ilmtMuT1]Ê]^[_OžTfRLM\vSM\klTbkq]´TfONo:e�[N©È•tKNM\mdT1iUT:H€¬£Æš‚LÆ�o:e–k–]^vÁTfzb]^o»klT

kqM\[Nh"]^K_[žcfeÞT½OQo¶e�[N©È•^K_Mum^Twkq]Ah"e�vSIL]^i¾OQ]^[d•†T½OQK`T^ ¾•t[�klTµKN]^hLK_]^[N]^ijOžTXadcfe{oATfON]^o•¥½OQM\mdTxkqe�[´hLKNeŽmt]^[N[Qeb[

©È­S[QM\mteb[’]špjIq­\o:M\mteb[‹klTATfONo:eb[Q©Á]^K`T–•U•šmdTfhUTXâškq]´hLKNebz�iqe�[_OQM\mdTfK‹TApjIlTXvSMukLTbkq]�k–e~TfKÄ]�T:kq]^h"e�[NM\adcfe
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kq]‹h"ebvSIL]^ijOQ]^[Ç]^oÛILo•T´kq]tOQ]^K_o:MSiUTbklT´K_]^z�Mucfel•–[N]^ilkqe�ILo•T¢©È]^KNKQTXo¶]^ijOžT´kq]ÊTfiU¥fv\MS[N]‹o�ILMPOQešàqOQMSv7iUT

z�]^[_Ožcfe�klTgpjIUTXvSM\klTbk–]:kqeµTfKd‚´•‘]^[_OQ]1mdTX[NeL•£T~TfvSONILK`T•]1ebIqOQK_e�[‹hUTXK®PXo:]nOQKNeb[ÊklT�H€¬£Æ>[`cfeµklTXkqeb[

©ÈILilklTfo:]^ijO`TXMS[‘hUTfK`T�e:o:eŽkq]^vSel‚

“¤o�R"e�KQTŒT|Td bTfv\MuTXadcfe�klTf[�mte�ilkqM\atñj]^[µo¶]tOQ]^ebKNebv\ˆbzbMumdTf[�]�T‡o¶e–kq]^vuTfz�]^o kq]ÞkqMS[Qh"]tKN[`cXe�kq]

h"e�vSIL]^ijON]^[ÄiUT•H€¬˜Æ8[N]_á_TfoDkq]¢zbK`Tfilkq]¢M\i¾OQ]^KN]t[Q[N]�•l]nœqMS[_OQ]^oDTXvSzbILo•TX[ÄkqMPãUmtILv\klTbk–]^[’iUT1KN]ƒTfvSM\âƒTXadcfe

kq]^[_OQ]^[š]^[_ONIlkqe�[d•‰hLKNMSilmtMShUTfv\o¶]^ijOQ]•h"]^vuTx© TXvPOžTxkq]AILo•Tµo¶]tOQeŽkqe�vSebz�MuTwkq]nãliLMuklTµebI‡hUTXkqKNebiLM\âdTbklT–‚

„¤TfK`T¹o:MSiLM\o¶M\âƒTfK‰]^[_OQ]JhLK_e�RLvS]^o•T–•�TXzb•^ilmtMuTf[«Tfo�RLMS]^ijO`TXMS[‰]^o8kqMP ¾]^K_[Qeb[•hUTf­S[N]^[•MSilkqM\mdTXoòo:e–k–]^v\eb[¤kq]

kqM\[Nh"]^K_[žcfe1K_]^z�ILvuT½OQˆbKNMSe�[Ç]‹o:]nOQe–k–e�vSe�zbMuTX[ÇhUTXKQT´e1hLK_e–mt]^[N[`Tfo:]^ijONe¶klTf[€ bTXK_MÁ¥^ ¾]^MS[Ço:]tON]^ebKNebv\ˆbz�M\mdTf[d•

]^ijOQK_]µ]^vuTX[:e!m^¥Xv\mtILvSe‡klT�TXvPONILK`T�kLT!HÇ¬˜Æ�‚

Z

]^[_OžTÞ©Áe�K_o•T–•ÇTyz�]^[_O`cXe!klTÞpjIUTfv\M\klTXkq]wkqe!TXK1ãUmdT

©åTbmnM\vSMPOžTXklTq•qO`TXi¾OQe¶hlTXKQT1pjIL]^oGhLKN]dmtMS[`T�©ÈebKNiL]dmt]^KÂK_]^[NILvSO`Tbkqeb[‘kq]•o:eŽkq]^vuTXzb]^o4kq]ÊpjIUTfv\M\klTXkq]¢kqeATfK

pjIUTfijOQe•hUTfK`T:e•ˆbKNz¾cXe~TXošRLM\]tijOžTfvë•"pjIL]š•´KN]^[Nh"e�iL[`¥^ ¾]^v›h"]^vuTgT^ bTXvSMuTba^cXe~kqeb[’KN]t[QILvPOžTXkqeb[1çyŠkz�ˆr‡@‹«•
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Æ%o:]dkqM\adcXegklTgTfvSONILK`T•kLT~HÇ¬˜Æ%]nœqMSz�]š]dpjILMShUTfo:]^ijOQeb[’]^[Nh7]^mtMÁTfMS[•hlTXK`T•T:[QIUTAkq]tOQ]^K_o:MSiUTba^cXe

kqM\K_]tOžT’e�I¶ILo>mne�ibáÃILijOQe¢kq]Âo:]dk–Muatñj]^[¨kq]ÂhUTfKQPfo:]tOQK_e�[†[N]dmtILilkl¥fKNMSeb[«]¹ilcXeÊK_ebONM\iq]^M\K_e�[¨p¾IL]Âh"e–kq]to

[Q]tK¢IqOQMSvSM\âƒTXkqeb[šhUTfK`T~[QIUT~]^[_OQMSo•T½OQMP �T–‚g“†o@Tfo�R"eb[´eb[´mdTX[Neb[�Tµk–]^h"]^ilkq•^ilmtMuTxkq]:]dpjILMShUTXo¶]^ijOQeb[

]¶o:]tONe–kqebvSe�zbMÁTf[´kq]¶o¶e�iLMPOQebK`Tfo:]^ijONel•£TX[N[NeŽmtMÁTXklTµTfexmtIL[_OQe�]^vS]t bTXkqel•˜h"e–kq]1OQebKNiUTfK•]^[_OžTghLK`¥½OQM\mdT

M\ij ŽMÁ¥^ ¾]tv7hUTXKQT�TXvSzbILo•Tf[¹TXhLvSM\mdTXatñŽ]^[d•–hLKNMSilmtMShUTXvSo:]^ijON]•pjIUTfilkqe�[Q]ÄONK`T½OžT´kqe�o:ebiLMPOQebK`Tfo:]^ijOQe�mte�iŽr

OQ­SiŽILeL‚†„‰ebK«MS[N[QeL•¾]nœqMS[_OQ]¹MSijOQ]^iL[`T•hLK_e–mtILKQT•h"e�K«o¶e–kq]^vSeb[JpjIL]¹[Q]sá_TfoEmdTfhUTXâ^]t[€kq]‘mdTfvumnILvÁTfK€TÊTXvPOQILKQT

klTÊHÇ¬˜Æ�IqOQMSvSM\âdTXilkqe´Tfh"]^iUTf[JTf[†o¶]dkqM\atñŽ]^[«mtebo�ILiL[¤]^o%o:]tOQ]te�K_e�vSe�zbMuTq•jTfhLKNeƒ ¾]^MPO`TXilkqe¢T’]^[_OQK_IqOQILKQT

]¶e�RUTfilmteµkq]:kLTbkqeb[Âá_¥•]nœqMS[NON]^ijOQ]t[¢klTgKN]dkq]1o:]tON]^e�K_e�vSˆbz�M\mdT–‚¶„•TXKQT•OžTfvÌ•˜•1iL]dmt]^[N[`¥XK_M\e�KN]^hqKNe–kqIŽr

â^M\KšTµkqMSi�Pfo:M\mdTwT½OQo¶e�[N©È•^K_Mum^Tq•›o•T½OQ]^oA¥fONMumdT~]•mtebo:hLIqO`TbmtMSebiUTXvSo:]^i¾OQ]�•¤T½OQKQTd �•^[´klTxTXhLvSM\mdTXadcXe{kq]

o:e–kq]tv\eb[Çmne�ilmt]tMSONIUTXMS[d‚¤Æ�]tvÁTfR"e�KQTbadcfe�kq]‘ILoEo:e–kq]^vSe´h"e–kq]‹TXRqK`TfiLz�]^KJkqMS©È]^KN]tijOQ]^[JzbK`TfIL[€kq]’mtebo1r

hLv\]žœqMuklTXkq]1]:Tg]^[QmtebvS”UT~kq]¶pjIUTfv•o:•tOQeŽkqe�I–OQMSv\MSâƒTfKÊkq]t ¾]1vS]t bTXK‹]^o3mtebijO`Tgeb[•e�Rqáª]tONMS �e�[d•˜klTXkqe�[•]

KN]dmtILK_[Qeb[‘kqMS[Qh"ebiL­P ¾]^MS[Ä]ÊK_]^[NILvSO`Tbkqeb[‘]t[Qh"]^KQTbk–e�[d‚
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ÆDhLK_e�h"eb[_OžTÞkq]^[_OžTÞk–M\[N[N]^K_O`Tbadcfe�•µK_]t –MS[žTfKATfv\zbILo•Tf[:o:]tONe–kqebvSe�zbMuTX[:hUTXKQT�Ty]^[_OQMSo•T½OQMP �TyklT

TXvPOQILKQTÊklT¢HÇ¬˜Æ³]ÄTXhqv\M\md¥ƒrßvÁTf[¨hUTfK`T¢T‹KN]tz�MucXeÊILKNRUTfiUTÊkq]’HJILKNMPOQMSRUT–•jmdTfhLMSO`TXvUkqeÊ]^[_OžTXkqe¢kqeš„•TXK`TfiU¥–‚

„†KNMSo:]^MSK`Tfo:]^i¾OQ]µ•{TfhLvSMumdTXkqe!ILo�o¶e–kq]^vSe![NMSo:hLvSMPãUmdTbk–e‡kq]wmdTfo•TXklTÞvSM\o:MPOQ]µhUTfK`TyOQeŽkqe6e!mtM\mtv\e

kqMÁ¥fKNMSeL•€K_]^[Nh"]^MPOžTfilkqe‡TX[AkqMS©È]^KN]^iLadTX[A]tijOQKN]xT�m^TXo•TXklTÞvSMSo:MSON]xkqMSILKNiUTÞ]xTÞiLeXOQILKNilTq•JIqONM\vSMSâƒTfilkqe

hUTXKQTxMS[_OQe{©Áe�K_o�ILvuTbatñj]^[1kqMS©È]tKN]^ijON]^[1kq]~TXmte�KNkqeymtebo@e{h"]tKN­Se–kqeykqeykqMuT–‚{“†[_OQ]•o¶e–kq]^vSe{[NMSo:hLvS]^[

iL]dmt]^[N[NMSO`T|kq]ÞklTXkqe�[µkq]{OQ]^o:h"]^KQTfONILK`TŒkqe�TfK~]{ ¾]^vSe–mtM\klTXkq]6kqeŒ ¾]tijOQeL•’TXvS•^o kq]Þh"]^vSe�o¶]^iLe�[

ILo•T‡KQTbkqMSeb[N[QebilklTfz�]^o kqMÁ¥fKNMuT–‚EŸ‘o o:eŽkq]^v\e|oATXMS[�mte�o:hqv\]tONe�kq]�m^TXo•TXklT‡vSMSo:MPOQ]{OžTfo�R"•^o •

M\o:hqv\]^o¶]^ijOžTXkqeL•‘TbmtebhLvuTbkqe|T6ILo o:e–kq]tv\e|TXkqM\mtM\ebiUTfv‹pjIL]wKN]^hLK_]^[N]^ijOžT!T6MSijOQ]^KQTbadcfe‡[NILh"]^KN©Á­umtMS]nr

TfONo:e�[N©È]tK`T•TXhqKNebhLKNMuTbkqeghUTfK`T:ILo•TAmtebR"]^K_ONILK`TAILK_RUTXiUTAmtebo�RLMSiUTbklTAmtebo/¥XK_]ƒTX[’iUT½OQILKQTXMS[d‚’•‘]^[_OQ]

mdTX[NeL•qe1o¶e–kq]^vSe¶kq]•[NILh"]^K_©È­\mtM\]•••mdTfhUTXâ•kq]Êm^TXv\mtILvuTXKÂeb[ÇélIŽœqe�[Âkq]ÊmdTfvSe�K^•qILo:M\klTXkq]•]•pjIUTfijOQM\klTXkq]

kq]µo:eƒ –MSo:]^ijONe�]µ©ÈebKNiq]dmt]^K:hUTfKQPfo:]tOQK_e�[¶M\o¶h"e�K_O`TXi¾OQ]^[:hUTfK`T�Tfv\MSo:]^i¾OžTfK:e�o:eŽkq]^v\e6kq]xmdTfo•TXklT

v\MSo:MPOQ]�•LkqM\[Nh"]^iL[`TfilkqegT�o:]dkqM\adcfeAkq]^[_OžTf[¹ bTfKNMu¥d �]^M\[¹iL]dmt]^[N[`¥fKNMuTX[‘hUTfK`T¶T:T^ bTXvSMuTbadcfeAklTAH€¬£Æš‚

¦’[šK_]^[NILvSO`Tbkqeb[�klTX[´o:e–kq]^vuTfz�]^iq[�[`cXeyT^ �TfvSMÁTXkqeb[1pjIUTfvSMSO`TfONMS bTfo:]^ijON]g]gTfONK`T^ ¾•^[škq]•MSijOQ]^K_hLKN]nr

OžTXatñŽ]^[•©È­S[NM\mdTX[d•ÀILo•T: ¾]^â1pjIL]1ilcXe~[N]�OQ]to/kqM\[Nh"ebiL­P ¾]^MS[¢klTXkqe�[•[NIqãUmtMS]^ijON]^[ÊhUTfK`T•Iqo•Tgmtebo:hLvS]tOžT

Td bTfv\MuTXadcXe�]š bTXvSM\klTbadcfeµklTf[•o:]tOQeŽkqebv\ebzbMÁTf[d‚1¦’[•kqMS©È]^KN]^i¾OQ]^[•o:eŽkq]^vSe�[‹OžTfo�R"•^o)[`cfeµmne�o:hUTfK`TXkqeb[

]^ijOQK_]¶[NM¤]¶eb[ÊKN]^[NILvPOžTXkqe�[¢kq]^[_OžT~mtebo:hUTfK`TXadcXe�[žcfeµkqMS[`mtI–OQM\kqe�[d‚�Æ’v\•^o3kqMS[N[Nel•˜[`cXe�K_]ƒTXvSMSâƒTbkLTX[šTfv r

z�ILoATX[šTXiU¥fvSM\[N]^[´[NebRLKN]•T~ bTfKNMuTba^cXewklTxTfvPOQILK`T�klTwHÇ¬˜ÆC]Aeµ[N]^I6M\o¶hUTbmnONexiUTµmtebilmt]^i¾OQK`TXadcfe{kq]

h"e�vSIL]^ijON]^[JTfONo:e�[N©Á•^KNM\mte�[†hUTXKQT‹ILo…h"]^K_­\eŽkqe´k–]‘mtebilmt]^i¾OQK`TXatñj]^[Jkq]¹mtebijOžTfo:MSiUTXi¾OQ]^[«K_]^vÁT½OQMP bTXo¶]^ijOQ]

]^v\]n �TXklTf[ƒ•Lo:eb[_OQK`TfilkqeAT1MSo:h"ebK_OÁPfilmtMuT¶kq]^[_OžTš �TfKNMu¥^ ¾]^v˜ilT¶pjIUTfv\M\klTXkq]´kqeATXK^‚

Æ’[˜MSo:hLvS]^o:]^i¾OžTXatñŽ]^[›k–e�[˜o:e–kq]tv\eb[›kq]«mdTfo•TXklTÇvSM\o¶MSON]«]«kq]¤ONK`TfiL[Q©Á]^KN•^ilmnMÁTÇ[NILh"]^K_©È­\mtM\]nrªT½OQo¶e�[N©È]^KQT

[žcfe1KN]ƒTfvSM\âdTbklTf[¹hUTfK`T1TšK_]^z�Mucfe:kq]¢H€ILK_MSONM\RlTq•qIqONM\vSMSâƒTXiLkqe¶e�[¹kLTbkqeb[Â”Le�KQ¥XK_M\eb[¹kq]’ �TfKNMu¥^ ¾]^MS[Âo:]tON]^eXr

KNebv\ˆbz�M\mdTf[‘kq]‹[QIqh7]tKN©È­\mtMS]¢klTšKN]^kq]Êkqe:ËßiL[_OQMPONIqOQe¶™›]dmtiLebvSˆ�zbM\mteg—jM\o:]thUTXKÊçß—–Ëª}{“¨„"Æ•ÅÄèn•Ž]ÊklTXkqe�[¹kq]

kqIUTX[ÇK`TXkqMSe�[N[Ne�ilklTfzb]^iL[‘kqMu¥fKNMuTX[¹kqe:H€]^ijONKNe¶ËßijON]^z�KQTbkqe1kq]

Z

]^©Á]^[žTšÆ¹•^K_]ƒTš]¢HJe�ijONKNebv\]•kq]•™›K`¥f©È]^zbe

Æ¹•^KN]^efrÃË_Ë‹çëHÇËª•

Z

Æ’H€™›Æ‘rÃËNËsèž‚
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“¤[NO`TÄkqMS[N[Q]tK_OžTXadcfe‹]^[_Ož¥¹]^[_OQKNIqONILK`TXklT‘]^oò[N]tOQ]€mdTXhq­SONILv\eb[d‚¤•‘e‹mdTfhL­POQILvSe

V

[`cfe‹kq]^[QmtKNMPOQeb[†TXvSzbILiL[

©ÈILilklTfo:]^ijONe�[JON]^ˆ�K_Mumne�[€]’kq]tãliLM\atñj]^[Ç]^ij �e�vP –M\kqeb[ÇiLeb[€]t[NONIlkqe�[€klT�HÇ¬˜Æ�]’kqeb[JélI–œqeb[€[NILh"]^K_ãUmnMÁTfMS[

kq]¨oATX[N[`TÂ]«]^iL]^K_z�MuT–‚†¦�mdTfhL­POQILvSe•;ÄTfhLKN]t[Q]^i¾OžT‘TÇKN]t –MS[`cXe‘RLMSRLvSM\ebzbK`¥½ãUmdT¹[Ne�RLK_]«e�[›]t[NONIlkqe�[›klTÄH€¬£Æ�•

M\ilmnv\ILMSilkqe:[NIUT1o¶]dkqM\adcXe¶]Êo:eŽkq]^vuTXzb]^ox‚21�©È]^MPOžTšO`TXo�R"•to4ILo•TšKN]t –MS[`cXe¶[Ne�RLK_]ÊhUTfK_OQM\mtILvuTfKNM\klTbkq]t[

klT1H€¬£Æ�]^oÛKN]^zbMSñŽ]^[ÇILK_RUTXiUTf[Ç]’[NebRLKN]’eb[Ç]^[QpjIL]to•TX[Çkq]ÄOQKQTXiL[N©È]^K_•^ilmtMuT´[QILh"]tKN©È­\mtMS]nrªTfONo:e�[N©Á]^K`T–‚J¦

mdTXhL­POQIqv\e

Y

kq]^[QmtKN]t �]Çe�[¤o:eŽkq]^vSe�[¤IqOQMSvSM\âƒTXkqeb[†hUTXKQT•T’kq]tOQ]tKNo:MSiUTXadcXeÊkLT•TfvSONILK`T‹kLT‹mdTfo•TXklT’vSMSo:MPOQ]�•

Td bTfv\MuTfilkqe¢[N]^hUTfK`TXklTfo:]^ijOQ]Âe�[†o:e–k–]^v\eb[«hUTfK`TÊTf[¨mdTfo•TXklTX[¨k–M\ILK_iUT‹]¹iLeXOQILK_iUTq‚¤•‘e¢m^TXhL­POQILvSep=q•�e�[

o:e–kq]tv\eb[ÊhUTXKQTµTgKN]^hqKN]^[N]^ijOžTXadcfexklTf[•OQK_e–mdTf[ÊiUTgM\i¾OQ]^KN© Tbmt]¶[NILh"]^K_©È­\mtMS]nrªTfONo:e�[N©È]tK`T~[`cXeµkq]^[QmtK_MSONe�[d•

mte�iL[NM\kq]^K`Tfilkqe{ILo•TµKN]tz�MucXewILKNRUTfiUTwmtebo:h"eb[NO`Txh"ebKšKNIlTX[d••]dkqMPãUmdTXatñj]^[1]AILo•TµhUTXKNmt]^vuTwkq]~¥XK_]ƒT

 ¾]^zb]tOžTXklTq‚J¦’[¹KN]^[NILvPOžTXkqe�[‘ebRqOQM\kqeb[‘]´TX[‘kqMS[`mnIL[Q[Nñj]^[ÄklT:TfhLv\M\mdTXadcfe•klTX[‘kqM\©Á]^KN]^i¾OQ]^[‘o:]nOQe–kqebvSe�zbMuTX[

]^[_OžcXe¶kq]^[QmtKNMPOQeb[¹iLe:mdTfhL­POQILvSeJEq•lTfv\•^o4kq]•ILo•T�mte�o¶hUTXKQTbadcfe¶]^ijOQK_]•e�[Âo:e–k–]^v\eb[¹hUTfK`T�]^[_ONM\o•T½OQMP bT

klT‡TXvPONILK`T!klTŒH€¬˜Æ�‚¨ÆÄM\ilklT6iLe‡mdTXhL­PONILv\eWEq•Â•yTXhLK_]^[N]^ijOžTXkqe|T‡TfhLvSMumdTXadcfe|klT6o¶e–kq]^vuTfz�]^o klT

HÇ¬˜Æ»hUTfK`TyTd bTfv\MuTXadcXe�kq]~iL­P ¾]^MS[:kq]�mne�ilmt]^i¾OQK`TXadcfe�kq]�h"ebvSIL]^ijOQ]t[¶]�kq]~]^hLM\[NˆŽkqMSe�[:kq]~h"ebv\ILM\adcfe

TfONo:e�[N©È•tKNM\mdTq‚•¡‰MSiUTfv\o:]tijOQ]�•biLe‹mdTfhL­POQILvSepF¹]^ilmtebijOQKQTXo�rÃ[N]ÂTfvSz�ILoATX[†mtebilmtvSIL[NñŽ]^[¤]€K_]dmte�o¶]^ilklTbanñŽ]^[

klT1h"]^[QpjILMS[`Tq‚
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ÆÛT½OQo:eb[N©È]^K`T••:kqMP –M\klT~]to3kqMS �]^KN[`Tf[¢mdTXo•TXklTf[d•£mtvuTX[N[NMPãUmdTXklTX[¢mte�o¶el§ÄOQKNebh"eb[Q©Á]^K`T–•˜]^[_OQKQTfONe�[sr
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0; 286
•¹[N]^ilkqe

Rd =

287:04 J kg� 1 K � 1 T’mte�iL[_O`TXijON]¹kqe•z¾¥f[†hUTfK`T•TXK¤[N]dmteL•

cpd = 1005J kg� 1 K � 1 eÊmdTfv\ebK¤]^[Nh"]dmt­Sãlmte

kqe~TfK‘[N]dmtegT¶hLKN]^[N[`cfe•mte�iL[_O`TXijON]´]

qa
T¶ILo:M\klTXkq]´]^[Nh"]dmt­PãUmdTAkqegTfKd‚Â“†[_ON]´àqvSONM\o:eAhUTfKQPfo:]tONKNeA•

kq]tãliLM\kqe:mtebo:e:TšKQTXâdcXe1]^ijONKN]ÊTšo•Tf[N[žTškq]‹ bTfh"e�KÂk#á ¥fzbIUT�]ÊTšo•Tf[N[`T�kq]ÊTXKÇ]•kq]tOQ]tKNo:MSiUTXklT1mtebo

T¶kq]^iL[NM\klTXkq]´kqe¶ bTXh"ebK‘k#á ¥XzbIUT

� v
]´mne�o»T¶kq]^iL[NM\klTbk–]´kqe•TfK

�
§

qa =
� v

�
;

ç

V

‚<;¾è

[Q]tilkqe

g = 9; 81 m s� 2 TyTXmt]^v\]tK`TXadcXe�klTwzbK`T^ –M\klTbkq]�•

z
TyTfvPOQILKQTw �]^K_OQM\mdTfv¹TXmtMSo•T{kqeyiL­S �]^vÂkq]

:dWbW�W

mb
]

� d = � g=cpd = � 9; 8 K km� 1 •‘pjIUTXi¾OQešT‹OQ]^o:h"]tK`T½OQILK`TÊkqMSo:MSiŽILM"TbkqMuTfRUTfONMumdTfo:]^i¾OQ]

mte�oDT¶TfvSONILK`T–•lmtebiL”L]dmtM\kqe•mtebo:eAT�OžTƒœlT¶TbkqMuTfRU¥fONMum^T¶[N]dmdT–‚

Æ8OQ]^o¶h"]^K`T½OQILK`T:h"eXOQ]^ilmtMuTfv› –M\KsOQIUTfv›KN]^hLK_]^[Q]tijOžT•T¶OQ]^o:h"]tK`T½OQILK`TApjIq]šILo•T:hUTfKQmt]tvÁT•kq]n ¾]´ON]^K

[Q]Ê]tvÁT1ošIlklTfKÄTXkqMÁTfRUT½OQM\mdTfo:]^ijOQ]¢kq]¢[N]^Iµ]^[_O`Tbkqe•T½OQIlTXv˜hUTfK`T�e:]t[NO`Tbkqe¶hUTbkqKQcXexç

p0
èn§

� v = � (1 + 0; 61qa);
ç

V

‚

Y

è

Z

]^[_O`T•©ÈebKNoATq•ÀTAON]^o:h"]^KQTfONILK`TAh"ebOQ]tilmtMuTXv‰ –MSK_OQIlTXv‰hUTXKQT•e�TXK’àLo:M\kqe~•�[N]^o:hqKN]�o•TfMSe�K‹kqe~pjIL]¶T

OQ]^o:h"]^KQTfONILK`T�h"ebON]^ilmtMuTXv¨çyx�€ªî[{[š9z@‹�€
{¹•
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¦%]^[Qmte¾Tfo:]^ijONe•iUT•HÇ¬˜Æ%iLebKNoATXvSo:]^ijON]´•¢OQIqKNRLILvS]^ijOQeL‚¹“•œqMS[_OQ]^oDkqIUTf[’©Áe�K_o•TX[’kq]´hqKNe–kqIqâ^M\K

OQILKNRqILv\•^ilmnMÁT:iUTATfONo:eb[Q©Á]^K`T–§ÇT:hLK_MSo:]^MSK`T:•´h"]tv\e~T½OQK_MSONe•klT:[NILh"]^K_©È­\mtM\]´]�T:[N]^zbILilklT:©Áe�K_o•T¶h"]^vÁTf[

©Èe�KNadTf[Âkq]’]^o¶hLI–œqeše�K_M\zbMSiUTbklTf[€OQ]^K_o:M\mdTXo¶]^ijOQ]�‚

Z

ILK`TfijOQ]Äe1kqMuT´]‹mteboÛKQTbkqMuTXadcXe�[NebvÁTfK€MSilmtM\kqMSilkqe



ï—�

iUT’[NILh"]^KN©Á­umnM\]Ç]nœqMS[NON]Ç[NIqãUmtMS]^ijOQ]€OQILKNRLIqv\•^ilmnMÁT’hLK_e–kqILâ^M\klT’h"e�K¤mte�i¾ ¾]dm^adcfe‹OQ•^K_o:M\mdT‹m^TXKQTbmnON]^KNMSâƒTfilkqe

T{H€¬‰H‹‚›“†o¿kqMuTX[´iŽILRLvuTXkqe�[�T�hLKNe–k–IladcXexON•^KNo:M\mdT�•Ao:]^iqe�K¢]gT�hLKNeŽkqIladcfewo:]dm�PfiLM\mdTµh"]^vSe{mtM r

[žTfvS”UTXo¶]^ijOQe•kqe: ¾]^i¾OQeAo¶•dkqM\e:ONe�K_iUT½rß[N]´hqKN]dkqebo:MSiUTXi¾OQ]�‚¹•¹eAh"]^KN­SeŽkqe•iLebONILKNiLeL•Uo¶]^[No:e•pjIUTfilkqe

eyKN]^[N©ÈK_MuTXo:]^i¾OQeyKQTbkqMuT½OQMP ¾eÞklTw[NILh"]^K_©È­\mtMS]�hLK_e–kqILâgILoBh"]^KsãlvÇ©Áe�KsOQ]^o:]^i¾OQ]g]^[_Ož¥^ ¾]tvÇkq]•OQ]^o:h"]^KQT½r

OQILK`TµpjIL]AON]^ilkq]~Tµ[NILhLK_M\o¶M\K´o:eƒ –MSo:]^ijONe�[¢OQILK_RLILv\]tijOQeb[d••]nœ–M\[_ON]~TXMSilklTµhLKNeŽkqIladcXewo:]dm�PfiLM\mdTwkq]

OQILKNRqILv\•^ilmnMÁT–‚

Æ>TfiU¥fv\MS[N]�mnvÁ¥f[N[QM\mdTAkLTX[‘ bTXK_MÁ¥^ ¾]^MS[‘OQILK_RLILv\]tijOžTf[’•´K_]ƒTfv\MSâƒTXklT•mne�o�TAkq]^mte�o:h"eb[NM\adcXegkqeA bTfv\ebK

M\iL[_O`TXijOQPXiL]teÞklTx bTfKNMu¥^ ¾]^vÇkq]•M\ijON]^KN]^[N[N]

a
]^oBIqo•Txo:•dkqMuT

a
]gILo•TµélIqONIUTXadcXewOQILKNRLIqv\]^i¾OžT

a0•

mte�iL”q]dmtMukLT:mtebo:egŸ9¤Q£QªV´•¸/ª�²Á©�H�I�ª�Ÿ�¤ ¥§¤Á±o¢
ª0«ÂŸ�²•çrš0{›î

™?™

•

:�R0\9\

èn§

a = a + a0 ç

V

‚H=�è

Æ’[N[NMSoDo:]dkqM\atñŽ]t[‹]^ILvS]^KNMuTfiUTX[‹kq]�TXvPOžT:©ÈK_]dpBÝL•^ilmnMÁT:©ÈebKNiL]dmt]^oDo:•dkqMuTX[‹k–]½;

W

o:M\ijIqOQeb[•T:ILoAT

”Le�KQTšç

a
èž•XpjIL]J[NILRqOQKQTX­\klTf[¤k–eÄ bTXvSebK‰MSiL[_OžTfijOÁPfiL]^e1ç

a
èÀh"]^KNo¶MSON]^o8k–]tOQ]^K_o:M\iUTfK•T‘©ÁK`Tba^cXe‘OQILKNRqILv\]^i¾OžT

ç

a0èÇklT� bTfKNMu¥^ ¾]^v«çy›@ˆyz‘šl•
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ÆE]^[_OžTfRLMSv\M\klTXkq]¶]^[_Ož¥½OQM\mdT�TfONo:e�[N©È•tKNM\mdT~kq]^h"]^ilkq]:kq]1©åT½OQebKN]^[•©È­S[QM\mteb[¢klT�T½OQo:eb[N©È]^K`T–§‹pjIUTfilkqe

ILo•TšhUTfKQmn]^vÁT�kq]ÊTXK¹Tf[Qmt]^ilkq]�•LTš[NIUTšhLKN]t[Q[`cfe¶mdTfM ]•]^vuTš[N]‹]nœqhUTfilkq]•]‹]^[N©ÈKNMuT

�

]•pjIUTfilkqe¶kq]^[Qmt]�•q[N]

mte�o¶hLKNMSo:]‹]¢TXpjIL]dmt]�‚«„‰ebK_OžTfijONel•–hUTfK`TšILo•T´ bTfKNMuTbadcfe:TbkqMuTfRU¥fONMumdT¶T´ON]^o:h"]^KQTfONILK`Tšh"ebON]^ilmtMuTXv

�
•

mte�iL[_O`TXijON]¢mte�o»T:TfvPOQILK`T–‚¨“‰œqMS[NON]^o+ONKN•^[‘mdT½OQ]^zbe�K_MÁTf[Äkq]Ê]^[_O`TXRLMSvSMuklTXkq]¢hUTfK`T�ILo•T1mdTXoATbklT1kq]´TXK^•

pjIL]Ê[N]^K`cfeAkq]tãliLM\klTf[’T1hUTfK_ONM\K¹kqe:zbK`TXkqM\]^i¾OQ]¢kq]•OQ]^o:h"]^KQTfONILK`T�h"ebON]^ilmtMuTXvÌ‚

:

‚h¤Á²³¯�M� 0¤4«ß§‘pjIUTfilkqeµT:OQ]^o¶h"]^K`T½OQILKQT•h"eXOQ]^iLmtMÁTfv•iLe�TXo�RqM\]^i¾OQ]¶TfILo:]^i¾OžT•mte�o/TgTXvPOQILKQTq‚•Ëß[N[Ne

[NMSz�iLMPãUmdT1pjIL]‹ILo•TšhUTfKQmn]^vÁT�kq]¢TfKÇ©ÈebKQadTXklT¶Tš[NILRLMSK€ãUmdTfK`¥šo•TXMS[Â©ÁKNMuT�kqe¶pjIL]•e:Tfo�RLMS]^ijON]•]

Tf[‘©Áe�KNadTX[‘kq]Ê]^o:hLI–œ–e:©ÈebKQadTfK`cfe•T1hUTfKQmn]^vÁT:Tš ¾ebvSO`TXKÂhUTXKQT:T�h"e�[NM\adcXe:MSiLM\mtMÁTfvÌ‚

V

‚ ¢
¤³Ç�¯‰­®¡l§¨pjIUTfilkqe•T�OQ]^o:h"]tK`TfONILK`T1h"eXOQ]^ilmnMÁTfv£•´mne�iL[_OžTfijON]´mte�oDT:TfvSONILK`T–‚Ç—Ž]ÊILo•T1hUTfKQmt]^vuT

•¹©Áe�KNadTbklTÊT‹[NILRLM\K^•�ãUmdT•mtebo…[QIUT’OQ]to:h"]^K`T½OQILKQT‹h"ebON]^ilmtMuTXvlMSij bTXK_MÁ¥^ �]^vl]ÂM\zbIUTfv"TfešTfo�RLMS]^ijON]�•



ï �

™•TXR"]^vuT

:

§JHJvÁTf[N[NMSãUm^Tbadcfe•kLT1]^[_OžTfRLMSv\M\klTXkq]šT½OQo:eb[N©È•^KNM\mdT1kq]´Tbmne�KQk–eAmtebo4e¶z�KQTbkqMS]^ijON]´k–]•OQ]^o:h"]nr

K`T½OQILK`T�h"ebON]^ilmtMuTXv¨ç

�
è€]•ON]^o:h"]^K`T½OQILKQT�ON]^KNo:eŽkqMSi�PXo¶MumdTµç

T
èn‚

Š‹K`TXkqMS]^ijOQ]¢kq]

�
Š‹K`TXkqMS]^ijOQ]¢kq]

T
“¤[_OžTfRLM\vSM\klTbk–] •‘ebo:]

@�
@z N

W @T
@z N

� �
]^[NO`¥^ ¾]^v [NILRUTXkqMÁTfRU¥½OQM\mdT

@�
@z Ž

W @T
@z Ž � �

iL]^IqOQKQT TXkqMÁTfRU¥½OQM\mdT

@�
@z O

W @T
@z O

� �
M\iL[_Ož¥^ �]^v [NILh"]^K`TXkqMuTXRU¥½OQM\mdT

h"]^K_o•TXiL]^mt]^ilkqe:iUT1h"e�[NM\adcfeA[N]ÊiUcfe:”LebIq ¾]tK¹©Èe�KNadTX[¹]nœŽOQ]^KNiUTf[d‚

;q‚ ©C¢k²³¯�MV 0¤4«ß§›pjIUTXiLkqe¢TÄON]^o:h"]^K`T½OQILKQT’h"eXOQ]^ilmtMuTfvlk–M\o:MSiŽILMqmte�o…T•TfvSONILK`T–‚¤Ÿ‘o•TÄhUTfKQmt]^vuTÄOQMSK`TXklT

kq]¶[Q]tI6]dp¾ILM\vS­SRLKNMSeµãUm^TXK`¥~oATXMS[¢pjIL]^ijON]Ak–expjIL]¶ewTfo�RLMS]^ijOQ]b•›mtebo3MS[N[QewTf[Ê©ÈebKQadTf[´kq]¶]^o1r

hLI–œqe�©Áe�KNadTXKQcXe�]^[N[`TghUTfKQmt]^vuTµTg[NILRLMSK^•›T½OQ•¶pjIL]¶]tilmte�i¾OQKN]1ILo•T•ON]^o:h"]^KQTfONILK`TÞçåh"eXOQ]^iLmtMÁTfvÁè

Tfo�RLMS]^ijOžTfv˜oATXMSe�K¹kqeApjIq]¢]^vuT–‚

Æ�OžTfR"]^vuT

:

KN]^[NILo¶]¢]^[N[`T¶mtvuTX[N[NMPãUmdTba^cXeA]^o+OQ]^K_o:e�[‘klT�OQ]^o¶h"]^K`T½OQILK`T1h"eXOQ]^iLmtMÁTfv£]•OQ]^o:h"]^KQT½r

OQILK`TšOQ]^K_o:e–k–M\i�Pfo:M\mdT–‚

•’TµT^ �TfvSMÁTXadcfe{klTxHÇ¬˜Æ�•£TxTfiU¥fv\MS[N]•klT~]^[_OžTfRLM\vSM\klTXkq]•]t[NO`¥fONMumdT�kq]t ¾]:[N]^KÊKN]ƒTfv\MSâƒTXklT�]^o3OQeŽklT

T�mdTfo•TXklTq•–iUcfe:Tfh"]^iUTf[Ç ¾]^K_MSãlmdTXilkqefrß[N]¢T´]^[_OžTfRLMSv\M\klTXkq]•v\eŽmdTXvSo:]tijOQ]•ilTX[Ç[NILR–rÃmdTfo•TXklTX[Êçrš0{2î

™?™

•

:�R0R�:

èn‚:Ÿ‘o•TgM\iq[Qh"]da^cXeµiUTgãlzbILK`T

:

•£h"ebKÊ]nœq]^o¶hLv\eL•£o:eb[_OQK`Tgeµh"]^Ksãlv†hUTXKQT~ILo•Tg[NMSONIUTbadcfexmte�iŽr

 ¾]dmnONMS bT–§•hLK_ˆdœqM\o¶e�ä•[NILh"]^KN©Á­umnM\]�•jiUTÊmdTXoATbklT•[NILh"]^K_ãUmtMuTfvë•j]nœqMS[_OQ]‘vSe–mdTfvSo:]^ijON]ÄIqo•T•M\iL[_O`TXRLMSvSMuklTXkq]

�

o•TXMS[•TXmtMSo•Tq•"iUTAmdTfo•TbklTAkq]šo:MS[_OQILKQTgT:]^[_OžTfRLMSv\M\klTXkq]�•šiL]^IqONK`T

�

]šh"ebKÄãlox•"ilTAâ^ebiUT•kq]´]^ijOQKQT½r

iL”UTXo¶]^ijOQeA]nœqMS[_OQ]¢ILo•T¶M\i¾ ¾]^KN[`cfe:OQ•^KNo¶MumdT–•UebIw[N]_á_T–•UILo•T:mdTfo•TXklT¶]^[_Ož¥^ ¾]^v£]^vS]t bTbklT–‚ÇÆ…mdTfo•TXklT

OQe–kLTq••klTµ[NILh"]^KN©Á­umtMS]~T½OQ•gTµâ^ebiUTxkq]•]^i¾OQK`TfiL”UTfo:]^ijONel•‰••mtebiL[NMukq]tK`TXklTxM\iL[_O`¥d �]^v¨]Aew[NM\zbiLMPãUmdTXkqe

kqM\[_ONeg•špjIL]šILoAT:hUTfKQmt]^vuT•kq]�TXKÄhLKNˆdœqMSo:e~ä:[NILh"]^K_©È­\mtM\]š[Ne�R"]šh"ebKÄ]^o:hLI–œqeAON•^KNo:M\mte~T½OQ•1T:â^ebiUT

kq]Ê]^ijOQKQTXiL”lTXo:]^i¾OQeL‚
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Æ)H€¬˜Æ�kq]^h"]tilkq]µ©Áe�KsOQ]^o:]tijOQ]�kqeb[1élI–œ–e�[¶]^ijONKN]µT{[NILh"]^KN©Á­umtMS]�]xTyTfOQo¶e�[N©È]^KQTq‚6Æ’[�OQKNeŽmdTf[

]^ijOQK_]´T�[NILh"]^KN©È­\mtMS]¢]´T¶T½OQo:eb[N©È]^K`T�h"eŽkq]^o4[Q]tK‘kq]ÊoATX[N[`T�ç  bTXh"ebK‘k#á ¥XzbIUT–•LhLKNMSilmtMShUTfv\o:]tijOQ]½è€]¢kq]

]^iL]^KNzbMuTq‚ÇHJe�iL[NM\kq]^K`TfilkqeAILo+ �e�vSILo:]¢kq]´mtebijOQKNebvS]�•"T� bTfKNMuTbadcfe•kq]Êo•TX[N[`T¶kq]š¥fzbIUTATfKNoATXâ^]^iUTXklT

S
•‹e�[žTfv\kqe1]^ijOQK_]‹hLKN]dmtMShLMPOžTXadcfe

P
•–]t bTfh"e�KQTbadcfe

E
]•e�]^[QmtejTfo:]^i¾OQe

Q
‚¨¦ÔRUTfvuTXilate¶kq]Ê¥XzbIUTšiUT

[QILh"]tKN©È­\mt]¢h"eŽkq]¢[N]^KÂKN]^hLK_]^[Q]tijOžTXkqe:h"]^vuT1]dpjIUTXadcXe

dS
dt

= (P � E) � Q;
ç

V

‚iEjè

e�ilkq]•OQeŽkqeb[‘eb[¹ON]^KNo:eb[¹]^[_O`cXe:]nœ–hLKN]^[N[Ne�[¹]^o

kgm� 2 s� 1 ‚

¦òRUTXvuTfilate•kq]Ê]^iL]^KNzbMuT¶iUT1[NILh"]^K_©È­\mtM\]•çå]^o

W m� 2 è€•¢©ÁILiladcfe•klT1K`TXkqMuTbadcfe:[QebvuTXK‘kq]¢ebilklTf[

mtILK_O`TX[’MSilmtM\kq]^ijOQ]

R#
s

]šKN]téL]tOQM\klT

R"
s

•"]1Tf[‹KQTbk–MÁTXatñŽ]t[ÊTfONo:eb[Q©Á•^KNM\mdTf[•k–]�ebilklTf[’v\ebiLz¾TX[’M\ilmtM\kq]^i¾OQ]

R#
a

]´KN]nél]tOQM\klT

R"
a

•7TXvS•^o�klT:KQTbkqMuTXadcXegkq]šebilklTf[’vSebiLzjTf[’]^o:MPOQM\klT:h"]^vuT:[QILh"]tKN©È­\mtMS]

R"
e

‚Ä¦%[`TXv\kqe

kq]^[_OžTf[‘KQTbkqMuTXatñŽ]^[‘•¢m`”lTXo•TXkqeAkq]ÊKQTbkqMuTXadcXe:vS­up¾ILMuklT

Rl

Rl = R#
s � R"

s + R#
a � R"

a � R"
e:

ç

V

‚ÄFbè

Æ�K`TXkqMuTbadcfe�vS­\pjILM\klT´KN]^hLK_]^[N]^ijOžTšT¢]^iL]^K_z�MuT¢ONebO`TXv7kqMS[Nh"e�iq­S �]^v7iUT´[NILh"]^K_©È­\mt]‹pjIL]’[N]^KQ¥ÊOQK`TfiL©ÈebKsr

o•TbkLT1]^o+éLI–œqe�[¹[NILh"]^K_ãUmtMuTfM\[ÄklT�[N]^z�ILMSijON]¢©ÈebKNoATq•q]^o

W m� 2 §

Rl = H + LE + G;
ç

V

‚

\

è

e�ilkq]

H
•ÞeŒélI–œ–e�kq]ÞmdTfv\ebK�[N]^iL[N­P ¾]^vÌ•ÄKN]^[Nh"ebiL[ž¥^ �]^v•h"]^vSe�TXpjIL]^mtM\o¶]^ijOQe|e�I�KN]^[N©ÈKNMuTfo:]^ijONe�klT

TfONo:e�[N©È]tK`T–•

LE
•ge{élI–œ–eÞkq]~mdTfv\ebK�vÁT½OQ]^i¾OQ]g]

G
•ge{élIŽœqeÞkq]~mdTfv\ebK�iLey[Ne�vSey]gKN]^hqKN]^[N]^ijO`TyT

]^iL]^KNzbMuT:TXKNoATXâ^]tiUTbklT1ebIµvSM\R"]^KQTbklT1h"]^vuTX[Äm^TXo•TXklTf[Äkqe¶[QebvSel‚
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ÜÕ¿)ºl¿)ºŽÈ&ÐUÇ@î

hu =

8
>><

>>:

1
À<¾

Wg > Wf l ;

0;5
h
1 � cos

�
� Wg

Wf l

�i
À<¾

Wg < Wf l :

ê���Ý	$Mt�ì

Ì Ä�Î�¹»¿YºU¿�¾�¾VÀ<È&¾@Ã�å•Á)Ã@º�¿�Ð+ºlÇ

qa
ÜÕ¿)ºl¿)ºŽÈ&Ð}Ç

qa = yaqvsat (T)
êy��Ý	$�_Uì

ÀF¾�¼)¿�Ð

ya
ºÊÄYÎ�¹Æ¿)ºl¿�¾�Ç]¾VÅ»º1½<¹•áUº«¿�Ð º1ÇÙ¾

qvsat (T)
ºÊÄYÎ�¹Æ¿)ºl¿�¾�¾�ÀFÈ&¾@ÃCå•ÁfÃ@º«¿�¾wÀ�º7½FÄYÇFºU×@Ú1ÐSÈfº1Ç�º«º

½F¾VÎ�È&¾VÇFº1½<ÄYÇ�º

T

qvsat (T) =
0; 622

pa
611exp

�
aw(T) � 273; 15

T � bw

�
ê���Ý	$

`

ì
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aw
¾

bw
áUºlÇ]¹»ºlÎçÃCÐ}Î º�½F¾VÎ�È&¾�Ç�º7½FÄYÇ�ºxî

aw =

8
>><

>>:

17; 270
À<¾

T �
é

_�H�Ï�$M�

K;

21; 875
À<¾

T <
é

_DH�Ï�$M�

K;

ê���Ý	$M%�ì

bw =

8
>><

>>:

35; 500
À<¾

T �
é

_�H�Ï�$M�

K;

7; 500
À<¾

T <
é

_DH�Ï�$M�

K:

ê���Ý

é

��ì

Ìã½<Ç�º1¼YÀ<ÈY¹ÆÇFºU×VÚlÐ+¿)º�á�¾VäU¾�½uºl×@Ú1Ð

E tr
ÜÕÃ@ºlÅÆÃ�ÄYÅ»ºl¿)ºÑÈ&ÐUÇ

E tr = veg� a
1 � Fw

Ra + Rs
[qvsat (Ts) � qa]:

ê���Ý

é

$3ì

Ì ¾Cá}º1È&ÐUÇ�ºU×VÚlÐ+¿�¹•Ç<¾�½uºŽ¿)ºŽÛ	Ç�ºU×VÚlÐ�ÖYÎ�¹Æ¿)ºŽ¿)ºlÀ�ÛBÐUÅ•ÍfºlÀ

Er
Ü

Er =

8
>><

>>:

veg� a
Fw
Ra

[qvsat (Ts) � qa]
ÀF¾

qvsat (Ts) > qa ;

veg� a
1

Ra
[qvsat (Ts) � qa]

ÀF¾

qvsat (Ts) � qa;

ê���Ý

é}é

ì

Ð}¼)¿�¾

Fw
ÜÑº�ÛBÇFºU×VÚlÐ ¿�¾³á�¾VäU¾�½uºl×@ÚlÐ�Ã�Ð}Ô&¾VÇó½uº�È&ÐUÇ�Ó1ä}Äfº�ß"ÄY¾Ù¼YÐ�ÎÑÐx¿�¾VÅ•Ð�ÐUÇ<¹•äU¹Æ¼fº1Å…¾VÇ�º�Ã@ºlÅÆÃ�ÄYÅ»ºl¿�Ð

È&¾VÅ	ºŽÛ	è}Ç]ÎÙÄYÅ»º

Fw =
�

Wr

Wr max

� 2=3

;
ê���Ý

é

H�ì

Î�ºlÀ�¼YÐÑÎ�Ðæ¿�¾VÅ•Ðwº7½FÄ)ºlÅ[ÜÕÃVºlÅÆÃ�ÄYÅ»ºU¿)ºÑÃ�ÐUÎ¦ê�¡#o\–\¢

-�£�*�¤

o\–

.

•U–oÏY$&%�%

ë

ì

Fw =
Wr

(1 � � v)Wr + � vWr max
;

ê���Ý

élë

ì

Ð}¼)¿�¾

Wr max
Ü³ºÙÄYÎ�¹Æ¿)ºU¿x¾ÕÎ�Ó���¹•Î�ºÙÀ<Ð}ÔYÇ]¾�ÈYÅ	º1¼"½uº1À

Wr max =
0; 2vegLAI

� wdr
;

ê���Ý

é

�}ì

¾

� v
ÄYÎ�áUºlÅ•Ð}ÇPß�ÄY¾ÕÃ�Ð}¼�½FÇ<ÐUÅ»º�ºŽÇFº��3Ú1Ð+¿�¾�À<¾@Ã@º1Î�¾V¼"½<Ð+¿)º�Ó1äUÄfºŽ¹•¼"½F¾VÇ<Ã�¾VÈ�½uºl¿)ºŽÈ&¾VÅ»ºÙá�¾VäU¾�½uºl×@Ú1Ð

� v = 1 +
7
3

LAI ;
ê���Ý

é

t�ì

ÀF¾�¼)¿�Ð•ß"ÄY¾�Ð�åÆ¼)¿x¹»Ã�¾/¿)ºPÓ1Ç<¾3º.ÛBÐUÅÆ¹»º1Ç

LAI
áUº1Ç<¹»º�Ã�ÐUÎ Ð%½F¹•È&Ð•¿�¾Šá�¾VäU¾�½uºl×@Ú1ÐP¾�¾VÀ<½�ÓläU¹•Ð•¿�¾/Ã�Ç<¾VÀFÃ�¹•Î�¾V¼�½FÐ

¿)ºlÀ�ÈYÅ»ºl¼�½uº1À•ß"ÄY¾ÕÃ�ÐUÎ�È&Øæ¾VÎçºÑÃ�ÐUÔ&¾VÇ]½<ÄYÇ�ºÙá�¾VäU¾�½�ºlÅ8Ý
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Ì Ç]¾VÀ<¹ÆÀ]½*"V¼)Ã�¹»º�ºl¾VÇ]Ðx¿�¹•¼<[1Î�¹»ÃVº

Ra
ÜÕÃ@º1Å»Ã�Ä�Å	ºl¿)º�Ã�ÐUÎ

Ra =
1

Cdqu
;

ê���Ý

é

_Uì

¾�º³Ç]¾VÀF¹•À]½3"V¼YÃ�¹	º³À<ÄYÈ&¾VÇ]ÁfÃ�¹»º1Å

Rs
ÜoÛBÄY¼)×@Ú1ÐÑ¿�¾oÛcº7½FÐUÇ<¾VÀ%º1½<Î�Ð}À<ÛBÜ�Ç<¹ÆÃ�Ð}À.¾ ¿�¹•ÀFÈ&ÐU¼Y¹•ÔY¹•ÅÆ¹Æ¿)ºl¿�¾�ÍYåÆ¿�Ç<¹ÆÃ@º�¿�Ð

ÀFÐUÅ•Ð

Rs =
Rsmin

LAI F1 F2 F3 F4
;

ê���Ý

é

`

ì

Ð}¼)¿�¾�ÐÑÛcº1½<Ð}Ç

F1
Î�¾@¿�¾³ºŽ¹•¼!�)Ä�"�¼)Ã�¹	ºÑ¿)ºŽÛ	ÐU½<Ð}À<À<å•¼"½F¾VÀ<¾

F1 =
1 + f

f + Rsmin
Rsmax

;
ê���Ý

é

%�ì

ÀF¾�¼)¿�Ð

f = 0; 55
RG

RGL

2
LAI

;
ê���ÝJH���ì

Ã�Ð}Î

RG
Ç<¾VÈYÇ<¾�ÀF¾V¼�½uº1¼)¿�ÐÊºwÇFºU¿�¹»ºl×@ÚlÐ Û	ÐU½FÐUÀ<À<¹Æ¼�½FÜ�½F¹ÆÃ@ºw¹•¼)Ã�¹Æ¿�¾V¼"½<¾Ñ¾ŽÅ•¹ÆÎÑ¹•½�ºU¿)ºwÈ&ÐUÇàÄYÎ á}º1Å•Ð}Ç
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ÌoÀ•Ç<¾VÀ<¹•À]½3"V¼)Ã�¹»º1ÀoÀ<ÄYÈ&¾VÇóÁfÃ�¹»ºl¹•ÀoÀ�ÚlÐ+Å•¹•Î�¹Â½uºl¿)ºlÀoÃ�ÐUÎ ÄYÎ áUºlÅ•ÐUÇ•Î�Ó���¹•Î�Ð

Rsmax
¾³Î�å•¼Y¹•Î�Ð

Rsmin
¾

¿�¾VÈ&¾V¼)¿�¾VÎç¿)ºÙá�¾VäU¾�½�ºU×@Ú1ÐYÝ

â Ûcº7½FÐUÇ

F2
ÃVºlÅÆÃ�ÄYÅ»º�ÐUÀ ¾VÛ	¾V¹•½<Ð}Àà¿)º�½<¾V¼YÀ�ÚlÐwÍY¹Æ¿�Ç�Ó1ÄYÅ•¹ÆÃ@º�¼fº+Ç<¾�ÀF¹•À]½3"V¼)ÃC¹	º+À<ÄYÈ&¾VÇ]ÁfÃ�¹»º1Å~Ý

F2
áUº1Ç<¹»º

¾V¼"½FÇ]¾‰�Ñ¾r$à¾�ÜÕÃ@ºlÅÆÃ�ÄYÅ»ºl¿�Ð+È&ÐUÇ

F2 =

8
>>>>>><

>>>>>>:

1
ÀF¾

W2 > Wf l ;

(W2 � Wwil t )=(Wf l � Wwil t )
À<¾

Wwil t � W2 � Wf l ;

0
ÀF¾

W2 < Wwil t :

ê���ÝJH�$3ì

âoÀŠ¾VÛ	¾V¹•½<Ð}À�¿)ºoÈYÇ<¾VÀ<À�ÚlÐ�¿�¾.áUºlÈ&ÐUÇ�¿)ºàº1½<Î�Ð}À<Û	¾VÇ�ºxÏ}Ç<¾VÈYÇ]¾VÀ<¾V¼"½uºl¿)ºoÈ&¾VÅ•Ð�Ûcº1½<Ð}Ç

F3
À�ÚlÐ�Ã@º1Å»Ã�Ä�Å	ºl¿�ÐUÀ

È&Ð}Ç

F3 =

8
>><

>>:

1 � 60(qvsat (Ta) � qa)
À<¾

(qvsat (Ta) � qa) � 0; 0125kgkg� 1;

0; 25
À<¾

(qvsat (Ta) � qa) > 0; 0125kgkg� 1:

ê���ÝJH

é

ì
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â Ûcº7½FÐUÇ

F4
Ã�ÐU¼YÀ<¹Æ¿�¾VÇ�º�ºŽ¹•¼!�)Ä�"V¼)ÃC¹	ºÑ¿)ºÙ½<¾VÎ�È&¾VÇ�º7½FÄYÇFºÑ¿�Ð+ºlÇ

F4 = 1 � 0:0016(298:0 � Ta)2:
ê���ÝJH�H�ì

“

Äfº1¼)¿�Ð�Û	Ð}Ç<×@ºlÀ�ÃVºlÈY¹•Å»ºlÇ]¾VÀ�¾%äUÇ�ºVáx¹Â½uºlÃ�¹•Ð}¼fº1¹•À�ÀF¾.¾@ß"ÄY¹•ÅÆ¹•ÔYÇFºlÎýºoÄYÎ�¹Æ¿)ºl¿�¾%¼fº À<ÄYÈ&¾VÇ]ÛBåÆÃ�¹•¾P¿�ÐàÀ<Ð}Å•Ð

Ü�ÄYÎ�ºŽÛ	ÄY¼)×@Ú1Ð�¾���È&ÐU¼Y¾V¼)Ã�¹»ºlÅ

y = x � aeqxpeq (1 � x8peq )
ê���ÝJH

ë

ì

Ð}¼)¿�¾

y =
Wgeq

Wsat
;

ê���ÝJHd�}ì

x =
W2

Wsat

ê���ÝJH�t�ì

¾

aeq
¾

peq
Èfº1Ç{[1Î�¾�½<Ç<ÐUÀ•ºU¿�¹•Î�¾V¼YÀ<¹•ÐU¼fºl¹•À@Ý

â¤Ã�Ð"¾�ÁfÃ�¹•¾V¼"½F¾

C1
È)ºlÇFº�ºŽÄYÎÑ¹»¿)ºl¿�¾Õ¿)ºŽÀ<ÄYÈ&¾VÇ<Û	å»Ã�¹•¾�êz¾@ß"Äfºl×@ÚlÐ•ê���ÝJH"ì]ì>ÜÕ¿x¾�½F¾VÇ]Î�¹Æ¼)ºU¿�Ð+Ã�ÐUÎ

C1 = C1sat

�
Wsat

Wg

� b
2 +1

;
ê���ÝJH^_Uì

Ð}¼)¿�¾

C1sat
¿�¾VÈ&¾�¼)¿�¾Ž¿�Ð�½<¹ÆÈ&Ðw¿�¾�ÀFÐUÅ•Ðw¾

C2
ÜÙÃ@ºlÅÆÃ�ÄYÅ»ºl¿�Ð Ã�ÐUÎ ÄYÎ�º�ÛBÐUÇ<Î�ÄYÅ	ºl×@Ú1Ð�¿�¾A> ¾V¼æÄ)ÃFÍ"½F¾V¼

ê�$&%

`

�"ì ê

*

T

+]±�+9²U+�¤,¤

•àÏ/$&%�%�t

'

±U-h³d³

•

.

•àÏ

é

����H�ì

C2 =
� d(1 � mv)K sat

d2
1� vmv(Wsat � Wwil t

� 1=2� 1=mv

h�
1 � � 1=2

� � mv +
�
1 � � 1=2

� mv � 2
i

;
ê���ÝJH

`

ì

Ð}¼)¿�¾

mv
Ü�Ð�Èfº1Ç{[1Î�¾�½<Ç<Ðw¿�¾ÙºD�_ÄYÀ]½F¾�¿�¾³áUº1¼�> ¾V¼"Ä)Ã�Í"½F¾�¼[Ï

K sat
º+Ã�ÐU¼)¿�Ä�½<¹•áx¹Æ¿)ºl¿�¾ÙÍY¹Æ¿�Ç�Ó1ÄYÅ•¹ÆÃ@º�¿�Ð

ÀFÐUÅ•Ð ¼fº�À�º7½FÄYÇFºU×@Ú1ÐYÏ

� v
ÐŒÃ�Ð"¾�ÁfÃ�¹•¾V¼"½F¾�¿�Ð È&Ðl½F¾V¼)Ã�¹»º1ÅŠÎ�Ó7½FÇ]¹»Ã�ÐŒ¿xÐŒÀ<ÐUÅÆÐ ¾

�
ºwÀ�º7½FÄYÇFºU×@Ú1Ð ¾VÛB¾�½<¹•áUº

¿�Ð�À<ÐUÅÆÐ+¿YºU¿)ºŽÈ&ÐUÇ

� =
W � Wwil t

Wsat � Wwil t
:

ê���ÝJH�%�ì

›
ñóò�ñI´ ô�µ�ú�•]�oúh�ûù �iž¶• �.ÿ]œm•5ü_ÿ/�Xþxÿ9ž:ù•ÿ þ��YõŠ�bžW·Fÿ/�!¸9�b•5ükõ

âoÀŠÃ�Ðæ¾CÁfÃ�¹Æ¾�¼"½F¾VÀ�¿�¾>½FÇ�º1¼YÀ<ÛB¾VÇ�"V¼)Ã�¹»ºoÀuÚ1ÐàÛBÄ�¼)¿)ºlÎÑ¾V¼"½uº1¹•ÀŠÈfº1Ç�ºoÐ�ÃVÓlÅÆÃ�ÄYÅ•ÐÕ¿�ÐUÀ¹�)ÄW��Ð}ÀïÀ<ÄYÈ&¾VÇ]ÁfÃC¹	º1¹•À

¾oÈ&Ðæ¿�¾VÎûáUº1Ç<¹»ºlÇ>¿�¾ ºUÃCÐ}Ç<¿�ÐÙÃ�Ð}Î�º1À.Ã�ÐU¼)¿�¹Æ×�Ø"¾VÀ%¿�¾•¾VÀ]½uº1ÔY¹ÆÅ•¹Æ¿)ºU¿�¾àº7½FÎ�ÐUÀ<ÛBÜVÇ<¹ÆÃ@ºÕ¾•ÈYÇ<ÐUÈYÇ<¹•¾@¿)ºl¿�¾VÀ.¿)º

ÀFÄYÈ&¾�Ç<ÛBåÆÃ�¹•¾}Ý�ÞP¾VÀ]½F¾�½<Ç�º1ÔfºlÅ•ÍYÐ³Ð}ÀXÃ�Ðæ¾CÁfÃ�¹Æ¾�¼"½F¾VÀXÀuÚ1Ð�Ã@º1ÅÆÃ�ÄYÅ»ºU¿�ÐUÀ.Ã�ÐUÎýÐ³Î�Ü�½<Ðx¿�ÐÕÈfºlÇFºlÎ�¾C½FÇ<¹	�3ºl¿�Ð³È&Ð}Ç
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áUº1ÅÆ¾�ÎÊÏ

ÈfºlÇFºÑÃ�ÐU¼)¿�¹Æ×�Øæ¾VÀP¹•¼YÀ]½uÓVá�¾V¹•À@î
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2
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2
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" �
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Üà¿�¾�½F¾�Ç<Î�¹•¼fºl¿�Ð�Ã�ÐUÎ
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� 0 = arctan
�

wbld

sen(� teb)bbld

�
:

ê���Ý

`

é

ì



”U-

ÌoÀ…Èfº1ÇFÃ�¾VÅ»º1À�¿�¾>ÇFºU¿�¹»ºU×VÚlÐ ÀFÐUÅ»ºlÇï¿�¹•Ç<¾�½�ºo¿�¾.ÐU¼)¿)º1ÀŠÃ�ÄYÇ]½�ºlÀïß"ÄY¾%º1½<¹Æ¼YäU¾VÎ¤Ç<ÄfºxÏUÈfº1Ç<¾@¿�¾>¾>½<¾VÅÆÍfºl¿�Ð

ê

S+
i
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ÀF¾
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s
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1 � sen(� teb )hbld
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ÀF¾
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�
1
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ÀF¾
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ì
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`

�}ì
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ß"ÄY¾%¿�¾�½F¾�Ç<Î�¹•¼fºlÎøº1ÀŠÛBÇFºU×CØæ¾VÀŠ¹•Å•ÄYÎ�¹•¼fºU¿)º1ÀŠ¾�Ã�ÐUÎ¡À<ÐUÎÙÔYÇ�º1À@Ý�Ì
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��ì]ì/Î�ÐUÀ<½<Ç�º�ß"ÄY¾ ¼fÚ1ÐŽ¾���¹•À<½<¾VÎ�ÔfºlÇ]Ç<¾V¹•Ç�º1À%Èfº1Ç�ºŽº³Ç�ºl¿�¹	ºl×@Ú1Ð+º7½F¹•¼YäU¹ÆÇ

Ð}À%½F¾VÅ•Ífºl¿�Ð}À@Ý

ÌoÀ�Èfº1ÇFÃ�¾�Å	º1À•¿�¾�Ç<¾��)¾��)Ú1Ð+¿)ºŽÇ�ºl¿�¹»ºU×VÚlÐ�À<Ð}Å»ºlÇ

M i
¾�¼"½FÇ]¾³ºlÀ�Ç<Ä)ºlÀ�¾³ºlÀ�Èfº1Ç<¾@¿�¾�ÀPÀ�ÚlÐYî

M r =
Rr (0) + (1 � 	 w)� r (Rw(0) + 	 w � wRr (0))

1 � (1 � 2	 w)� w + (1 � 	 r )	 w � r � w
;

ê���Ý

`

t�ì

Mw =
Rw(0) + 	 w � wRr (0)

1 � (1 � 2	 w)� w + (1 � 	 r )	 w � r � w
;

ê���Ý

`

_Uì

Ð}¼)¿�¾

Ri (0)
Ü�Ç<¾VÈYÇ]¾VÀ<¾V¼"½uºÑºŽÇ�ºl¿�¹»ºU×VÚlÐ�À<Ð}Å»º1Ç�Ç<¾Ë�)¾�½<¹»¿YºŽÈ&¾VÅ»ºlÀPÀ<ÄYÈ&¾VÇ]ÛBåÆÃ�¹Æ¾�À3î

Rr (0) = � r S+
r ;

ê���Ý
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ì

Rw(0) = � wS+
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ê���Ý

`

%�ì
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S�
r = (1 � � r )S+

r + (1 � � r )(1 � 	 r )M w;
ê���ÝJ%���ì

S�
w = (1 � � w)S+

w + (1 � � w)(1 � 2	 w)M w + (1 � � w)	 wM r ;
ê���ÝJ%�$3ì
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Ã@ºlÅÆÃ�ÄYÅ»ºl¿�Ð}À•¿)ºŽÀ<¾VäUÄY¹•¼"½F¾�ÛBÐUÇ<Î�ºxî

HR = � acpdCdh;R ua(TR � Ta);
ê���ÝJ%�H�ì

LE R = L v � aFw;RCdq;Rua(qvsat (TR) � qa);
ê���ÝJ%

ë

ì

Ð}¼)¿�¾

qvsat (TR)
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ÝÑÌýá�¾VÅ•ÐæÃ�¹»¿)ºl¿�¾+¿�Ð

á�¾V¼"½<Ð·ºlÃ�¹ÆÎ+ºö¿)º1À�¾@¿�¹ÂÁfÃ@ºl×�Ø"¾VÀ
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ÜÊÃ�ÐU¼YÀ<¹»¿x¾VÇ�ºl¿)º ¹•ä}Äfº1Å•º•á�¾VÅ•ÐxÃ�¹Æ¿)ºl¿�¾•¿�Ð á}¾V¼"½FÐöÎÑ¾@¿�¹Æ¿)º È&¾VÅ•Ð

ºl¼Y¾VÎA»}Î�¾C½FÇ<Ð

u
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(ï¼"½FÇ<¾àÐ
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¾³º�º7½FÎ�ÐUÀ<ÛB¾VÇ�ºxÏ�Ð}ÀX�)Ä���ÐUÀ•¿�¾ÕÃ@º1Å•Ð}Ç�À<¾V¼YÀ<åÂá�¾VÅ[¾ÕÃ@º1Å•Ð}Ç�Å»º7½F¾V¼"½<¾�ÁfÃVºlÎ

H top = � acpCdh;topua(Tcan � Ta);
ê���ÝJ%d�}ì

LE top = L v � aFw;topCdq;topua(qvsat (Tcan) � qa):
ê���ÝJ%�t�ì

Ð}¼)¿�¾

Tcan
ÜÙºŽ½F¾VÎ�È&¾�Ç�º7½FÄYÇ�ºÑ¾

qcan
ºÑÄYÎ�¹Æ¿)ºl¿�¾³¾VÀ<È&¾@Ã�åÂÁfÃ@º+¼YÐ+À<¹ÆÀ]½<¾VÎ�º

|�j1mY•"`1m

º�À<¾VÇ<¾�Î ¿�¾�½<¾VÇóÒ

Î�¹Æ¼)ºU¿)º1À@Ï)Ã�ÐUÎ�Ð�À<¾VÇ�ÓŽ¿�¾VÎÑÐ}¼YÀ]½FÇFºU¿�Ð+ºŽÀ<¾VäUÄY¹ÆÇVÝ

âoÀX�)Ä���ÐUÀ�¾V¼"½FÇ]¾³ºlÀ�À<ÄYÈ&¾VÇ<ÛBåÆÃ�¹•¾VÀ•¿)º1ÀPÇ]ÄfºlÀ�¾�Èfº1Ç<¾@¿�¾VÀPÃ�ÐUÎ Ð�º1ÇP¿�Ð

|�j1m)•"`7m

î

H r = � acpCdh;r ucan(Tr � Tcan);
ê���ÝJ%^_Uì

LE r = L v � aFw;r Cdq;r ucan(qvsat (Tr ) � qcan);
ê���ÝJ%

`

ì

Hw = � acpCdh;w ucan(Tw � Tcan);
ê���ÝJ%�%�ì

LE w = 0:
êy�xÝ�$&���"ì

ÀF¾�¼)¿�Ð

ucan
º•á}¾VÅÆÐæÃ�¹Æ¿)ºU¿x¾Œ¿�ÐSá�¾�¼"½FÐS¼YÐ

|�j1m)•"`7m

Ï�Ã@º1ÅÆÃ�ÄYÅ	ºl¿)º«¼fº«Û	Ð}Ç]Î�º•ÈYÇ<ÐUÈ&Ð}À]½�º«È&ÐUÇra«ºlÀ<À<Ð}¼

ê

é

�����"ìuÏ)ß"ÄY¾ÕÃ�ÐU¼YÀ<¹»¿�¾�Ç�º

ucan
¾VÀ]½<¹ÆÎ+ºU¿)ºŽ¼)ºŽÎ�¾�½�ºU¿�¾Õ¿)ºÑºlÅÂ½FÄYÇFºÑ¿�Ð
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î

ucan =
2
�

exp
�

1
4

hbld

wbld

� ln
�

hbld =3
z0tow n

�

ln
�

� z+ hbld =3
z0tow n

� ua;
êy�xÝ�$&�!$7ì



”@6

Ð}¼)¿�¾

Þoº1À�¾Vß"ÄfºU×CØæ¾VÀ•ºUÃC¹ÆÎ+º
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ÜÕºÙÛ	Ç�ºl×@ÚlÐÑÎ+Ó���¹•Î�ºÙ¿)ºÙÀ<ÄYÈ&¾VÇ<ÛBåÆÃ�¹•¾ÕÃ�ÐUÔ&¾VÇ]½�ºŽÈ&ÐUÇPÓläUÄfº êz½<¾VÅ•ÍfºU¿�ÐUÀ

¾�Ç<Äfº1ÀCìuî

Fw;j =
�

Wj

Wj max

� 2=3

;
êy�xÝ�$&�

é

ì

ÀF¾�¼)¿�Ð�Ã�Ð}¼�ÀF¹Æ¿�¾VÇFºU¿�Ð

Wj max = 1; 0 kgm� 2 Ý�âoÀXÃ�Ðæ¾CÁfÃ�¹Æ¾�¼"½F¾VÀ>¿�¾�½FÇ�º1¼YÀ<ÛB¾VÇ�"V¼)Ã�¹»ºÕ¿�¾•ÄYÎÑ¹»¿)ºl¿�¾

Cdq;i

¾ÕÃ@ºlÅ•ÐUÇ

Cdh;i
À�ÚlÐ�¿�¾�½F¾VÇ]Î�¹•¼fºU¿xÐ}ÀP¿)ºŽÎ�¾VÀ<Î�ºÙÛBÐUÇ<Î+ºÑ¿x¾VÀ�ÃCÇ<¹Â½uºŽ¼fºŽÀ<¾@×VÚlÐe�xÝ�$UÝlH�Ý

ÌoÈYÅ•¹ÆÃ@ºl¼Y¿�ÐlÒhÀ<¾ŽÃ�ÐU¼YÀ<¾VÇ]áUºl×@ÚlÐ�¿�¾³¾V¼Y¾VÇ<äU¹»º+¾ÙÎ+ºlÀ<À�º�Èfº1Ç�º�Ð}À �)Ä���ÐUÀ ¿�¾ŽÃVºlÅ•ÐUÇ

H top
¾�ÄYÎ�¹Æ¿)ºl¿�¾

LE top
ºlÃ�¹ÆÎ+ºÑ¿�Ð�À<¹•À]½F¾VÎ�º

|�j1mY•"`1m

Ï)º1ÀPÀ<¾VäUÄY¹•¼"½F¾VÀPÃ�Ð}¼)¿x¹»×�Ø"¾VÀ•¿�¾�á�¾VÎ ÀF¾�Ç•º1½<¾V¼)¿�¹Æ¿)ºlÀ@î

H top = 2
hbld

wbld
Hw + H r

êy�xÝ�$&��H�ì

LE top = LE r :
êy�xÝ�$&�

ë

ì

É>ÐU¼YÀ<¹»¿�¾�Ç�ºl¼Y¿�Ð�º1À>Ç<¾�ÀF¹•À]½3"V¼)ÃC¹	º1À�º1¾VÇ<Ðæ¿�¹Æ¼0[lÎ�¹ÆÃ@º1À

Ra;i
Ïxß�ÄY¾oÀ�ÚlÐ�Ç<¾VÅ»ºlÃ�¹ÆÐU¼fºl¿)ºlÀ%Ã�ÐUÎ ÐUÀ.Ã�Ð"¾�ÁfÃ�¹•¾V¼"½F¾�À

¿�¾à½FÇ�º1¼YÀ<ÛB¾VÇ�"V¼)Ã�¹»º

Cdh;i
î

Ra;i =
ui

Cdh;i
;

êy�xÝ�$&����ì

Ð}¼)¿�¾

ui
Üà¹•ä}Äfº1ÅNºÙá}¾VÅ•ÐxÃ�¹Æ¿)ºl¿�¾³¿�ÐŽá}¾V¼"½FÐ

u
Èfº1Ç�ºÙÐUÀPÃ@Ó1ÅÆÃ�ÄYÅÆÐUÀ•¿�¾Z�)Ä���ÐUÀP¿�ÐŽ½F¾VÅ•ÍfºU¿xÐ�¾�¿�¾V¼"½FÇ]Ð�¿�Ð

|�j1m)•"`7m

Üà¹•ä}Äfº1ÅNº

ucan
È)ºlÇFºÙÐ}ÀU�)Ä���ÐUÀ�¿�¾�Ç]Äfº1À�¾àÈfº1Ç<¾@¿�¾VÀ@Ï�¾àÀ<ÄYÔYÀ]½F¹Â½FÄY¹•¼)¿�Ð+º1À�¾@ß"Ä)ºU×�Ø"¾VÀ³êy�xÝl%���ìuÏ

êy�xÝl%�%"ì>¾+ê���ÝJ%^_Uì>¼fºÙ¾@ß"Äfºl×@Ú1Ð•êy��Ý	$&��H�ìCÏY¾³º1À�¾@ß"Äfºl×�Øæ¾VÀ�ê���ÝJ%�t�ì>¾+ê���ÝJ%

`

ì>¼fºŽ¾Vß"Äfºl×@ÚlÐ•ê���Ý	$M�

ë

ìuî

Tcan =
Tr
R r

+ 2hbld
wbld

Tw
Rw

+ Ta
R top

1
R r

+ 2hbld
wbld

1
Rw

+ 1
R top

;
êy�xÝ�$&��t"ì

qcan =
Fw ;r qsat (Tr )

R r
+ qa

R top

Fw ;r

R r
+ 1

R top

:
êy�xÝ�$&�d_}ì

¸o¾VÀ]½�ºÊÛBÐUÇ<Î�ºxÏŠº1À�áUº1Ç<¹»Ó@á}¾V¹ÆÀ

Tcan
¾

qcan
È&Ðx¿�¾VÎŸÀ<¾VÇÙ¿�¾�½<¾VÇ<ÎÑ¹Æ¼fºl¿)º1ÀŽ¿�¹	º1äU¼YÐ}À]½<¹»Ã@º1Î�¾V¼"½<¾ º•Ã@ºl¿)º

ÈfºlÀ<À<Ð+¿�¾à½<¾VÎ�È&Ð+¿)ºÙÀ<Ð}Å•Ä)×@Ú1Ð+¼"ÄYÎ�ÜVÇ<¹ÆÃ@ºxÝ
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�·R	�)���KB0'��#�M�#�¡��/&.3�)���O�2��*!�#"O�2�)�h*��

ž

�����5�1"=*������5�,� ˆœÆ ˆ .3%��&�—�&��'��(�) �'��)�

�1%YB,�0�#"3�,�>*!�#���&�–T�¸£°‹ËÈÌ‰º�®”· ¯–Íi`0;5393¹îÏÎ¥µ£¶r° ®ÑÐ ÒÔÓ�ÕUÖ=`��1Q�Q&;ZVa7]Dd�)�(�5�#�+�Ø×ÚÙÜÛ	Ý 323ïî˜ÞÔß�à�á	ß�â�ãäâ�å

(æåšçÏèSà�éêç˜áxà`ë�ç˜åšìíâOã âOã âOåîë�ç˜å•åšà�èSïOŸ�6ðà�áxÙSß ïñéñï Jòâ�ó‘èSçuÙôå•á�ïñá	ß à�åõâ�èSà`á�à�óôá�ç˜ã�ïöâOåæà�óðß çšã	à�åšçOß ç‘÷
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*

éñß�Ùôãäâ è‘â ˆ3Æ»ˆ ìíâOã âõçvìÊà�ã10ñçQèSçzèSïñÙôã	óôç ç32Sß ïêè‘â ë�ç˜å çvåæçQèSà�éñçvìôã�I4ß ïêë�çvàæë�ç˜å ç

åšçQèSà�éêç54–•}_•—6487

ç:9

*<;=;

÷˜àxâ�ìÊà�óíâ�á Ùôå•èSà�éñà�á åšç˜á�ß�ãäâ?>ðÙôàxâ}â�éñß�ÙôãäâÚè‘âÇë�âOåõâOè‘âÇéñïñåšïÂß à–á ç32ôã�à–Ùôå@2Sã�Ùôá ë�ç`èSà�ë�ã

=

áÂX

ë�ïêåæçióíâÇß ãäâ�óôá�ïBA�COçià�ó ß ã�à ˆ3Æ ˆ à ˆ3Æ˜+D. çÊˆ

*

ÆFEá+­À}÷•à�/‘â�ßäâOåæà�óðß àxç`åšçQèQà�éêçG> Ùôà

=

âOéñïñåšà�óðß�âOèSç

ìÊç•ã3Ùôå à�áH> Ùôà�åõâkèSà;-‘Ù0/Sç•áœá�ÙôìÊà�ã
Bíë�ï â�ïñá�7 :Øáœç•ÙQß ã�ç˜áœåšçÏèSà�éñç•á3ß à�á	ßäâ˜èSç˜áœìÊà�éñçšâ�ÙSß ç˜ãœà�á	ßHCOç^åõâ�ïêá

èSàxâ˜ë�ç•ã èQç`ë�ç•å“ç}å

=

ß çÏèSç}ìôãiI�ß�ïöë�ç}èSç}ìôã	à�á�à�óðß àœß�ãäâI2íâOé+Jôç=7 +Ôå Ùôå“à�á�ß�Ù‘èSç}è‘â ˆ3Æ

*

â�åõâ?J�É•óôïêë�âQ÷

)•ïñá ëHJ Û¾Ý53932_ ÞÇåšç˜á	ß ã�ç˜Ù ÷qâ ìíâOã¾ß ïñãièSàuç32ôá�à�ã�K˜âLA�6Ïà�ákë�ç˜å ãäâOèSïêç˜á�á�ç•ó‘è‘âI*˜à�óôákàM2íâOéNC�çÜë�â4ß ï%K çô÷F>ðÙôà

è‘â â�éÂß Ùôãäâuè‘â ˆœÆ ˆ óOC�ç á�ç3PUã�àiã�à�èSÙQA�C�ç ó‘âuá�ÙíâõâOéÂß Ùôã â â�çbB‘óíâ�é•è‘âæß�â�ã èSà•÷íß�â�óðß�çõà�å Ùôåõâ8IOã	àòâ

èSàšìíâ�á�ßäâL*˜à�åR> ÙíâOóðß�çzà�å ÙSåõâ IOã	àòâ èSà)-‘ç˜ã�à�á	ß�âQ÷‹àS>ðÙôàuâÅˆ3Æ˜+ ë�ç˜åšà�A�â âvá�àMPUç˜ã�åõâ�ã}åšà�á�åšç

á à�å >ðÙôàzçÏë�ç˜ã�ãäâ ç\èSà�ë�ã

=

á ë�ïñåšçÑè‘â ˆ3Æ ˆ?7 + óðß�ã�à�ß�â�óðß�ç‘÷ÈóOC�ç\à�/Sïñá	ß à â�ïêóôè‘â‡Ùôå ë�ç•óôá�à�óôá�çÑë�ç˜å

ã�à�éöâ3ATCOç âOçzë�ç˜åšìÊç˜ã	ßäâOåšà�óðß çzè‘â ˆ3Æ

*

óôç˜á}ìÊà�ã�0ñçQèSç˜áièSà^ß ã âOóôá�ïBA�C�çzà�ìÊç˜ã}ïñá	ß ç åšà�ã	à�ë�à�à�á	ß Ù‘èSç˜á

åõâOïñá âOìôã	çUP Ùôó‘è‘âOèSç•ákÛ�¸£°WV–Ëp©	µ£¶Ø÷ Ý5393ïîQÎOX–Ëp©�Ì5Y-Z´°�ª ª�·ïº�®[X±° ²±©œ®r°È÷Q\3,3,-\•Þ�7

]•âOã âÇâTK˜â�éêïöâOãqçØìÊà�ã10ñçQèSçÇóôçOß Ùôã	óôç‘÷•â BQ*•ÙSãäâ 7ôÝ•Û�â•Þ‹åšç˜á	ß ã âØâ ë�ç•åšì‘âOã â3A�C�çÚèSçØå

=

ß çÏèSçØìôã�I4ß ïêë�ç

ë�ç•å ç˜áFK˜â�éêç˜ã�à�áqå

=

èSïñç•á•ìÊà�éêçØåšçÏèSà�éñçÚèQàœë�â�åõâ˜èôâxà�á	ß€ITK à�éô—64Ø÷�ë�ç˜óôá�ïêèSà�ãäâ�ó‘èSç}â�ìÊà�óíâ�áÔç˜á^Jôç˜ã�I�ã�ïñç˜á

à�å_>ðÙôà�ç -‘ÙA/SçzèQàšë�â�éñç•ãÚá�à�óôá10%K à�éÔóíâ á�ÙôìÊà�ã1P`0öë�ïêà

=

óôàT* â�ß�ï+K•çQ7a]qçÏèSà�X›á�àæìÊà�ã�ë�àT2Êà�ã}óôà�á	ßäâ8BQ*•Ùôã â



Ç�ø2Ç

>ðÙôàzç ë�ç•åæìÊç•ã¾ß�â�åšà�óðß ç èSç•ášèSç•ïñášåšçÏèSà�éñç•á

=

á�ïêåæïêéöâ�ã�÷ÈìÊç•ã

=

å ç å

=

ß�çQèSç ìôãiI�ß�ïöë�ç ã	à�á�Ùôéñßäâ à�å

âOéÂß Ùôã âOášåõâ�ïñášà�éñà�K˜â˜èôâOá�7 Uxà�á	ß�à ë�â�á�ç‘÷Èà�á�ìÊà�ë�ïöâOéñåšà�óðß�à ìÊç˜ãæá�à ß ã â�ßäâOãšèQàzÙôåõâ ã	àT*•ïNC�ç\Ùôã�2íâOóíâQ÷

âOåG2Êç•á ç˜ázå

=

ß çÏèSç•á ìíâ�ãäâ à�á	ß ïñåõâ4ß ï%K•â è‘â â�éÂß Ùôãäâ è‘â ˆœÆ˜+b*˜à�ãäâ�å ã	à�á ÙSéñßäâ˜èSç˜ác> Ùôà‡åšà�ã	à�ë�à�å

K à�ã�ïTBíë�âLA�C�çkÛ�¸»º�¯Œª¼º´®�½£²}÷�\L,3,ôÝòÞ�7F]qç˜ã

=

åz÷4ìÊçÏèSà�X›á�àmâàBôã�åõâ�ãd>ðÙôà ç å

=

ß çQèQçØ—W4

=

åõâ�ïêá‹ë�ç˜åšìôéñà�ß ç

àÜã�à�ë�ç•åšà�ó‘è‘â˜èSçô÷ ìÊç˜ïñá èSà�ß�à�ã�åæïêóíâ â â�éñß�ÙôãäâÑè‘â ˆœÆ˜+ à�å ë�ç˜ó‘ë�à�ïÂß ç˜áeP`0êá�ïêë�ç•ávè‘âÑèSïñó«ÁOåæïöë�âÑè‘â

ë�âOåuâ˜è‘âÇéñïñåšïÂß à•÷ðâOç}ë�ç•óðß�ã�I�ã�ïñç`èSç}å

=

ß çQèQç}ìôã�I4ß ïêë�çf>ðÙôà

=

Ùôå åšçÏèSà�éñç}à�åšì=0ñã�ïêë�ç}àgPUÙôóQA�C�çiâOìÊà�óíâ�á

è‘âaK•à�éêçÏë�ïêè‘â˜èSàièSç�K à�óðß�çQ7

E à�á�åšç\ë�ç•å ç\èSà�ë�â�ïñåšà�óðß�çÑè‘âÜß�à�åšìÊà�ã â�ß�Ùôãäâ‡èSçÑâ�ãuâ á�ÙôìÊà�ã1P`0öë�ïêàzìÊçQèSà á�àzåõâ�óðß à�ãæåõâ�ïêá

>ðÙôà�óðß�à ìÊç˜ãÈÙôå ïêó ß à�ã K•â�éñçkèSàxß�à�åšìÊçQ7£¾›á	ß ç`á ï+*˜óôïKB‘ë�â:>ðÙôàxåšà�á åæçkë�ç˜å âf>ðÙôà�è‘âièSà ß à�åæìÊà�ãäâ4ß Ùôã â

èSçuâOã–ìÊçÏèSà}à�á	ß�â�ãgJíâTK à�ó‘èSç@-ôÙA/SçšèSà}ë�âOéñç˜ã á�à�óôá10%K à�é è‘â^á�ÙôìÊà�ã1P`0öë�ïñà}ìíâ�ãäâæâæâ4ß åæç•á1PUà�ã âS÷Sïñó‘ë�éñÙôá�ï%K à

èSà�ìÊç•ïñá èSçÚìÊÉ˜ãÂX èSçàX›á�ç•éh7 : ã	à�á�Ùôéñßäâ˜èQç}èSïñá	ß ç

=

> ÙôàœçÇåšçÏèSà�éñç}èSàœë�âOåõâOè‘â éñïêåšïÂß�àD4–— _••i4 âOë�ç•ìôéöâOèSç

âOçšá ïñá	ß à�åuâšèSà}ß ã âOóôá1PUà�ã	™�ó‘ë�ïöâæá ÙSì à�ã1P�0êë�ïñà�XYâ�ß�åšç˜ájP à�ãäâÉ¾

;

4

*

XlÀ +k4Ø÷O>ðÙSà:P ç•ã	óôà�ë�àiç)-‘ÙA/SçõèSàië�â�éñç•ã

á à�óôáj0%K à�é â�ç åšçÏèSà�éñç‘÷1ì çÏèSà�PWâàJ�à�ã`âvâ�éñß�Ùôãäâvèôâ ˆ3Æ

*

ë�ã	à�áäë�à�ãÚóôç˜ïÂß àšâ˜èSà�óðß ã	ç‘÷1à�óQ>ðÙíâ�óðß çvç -ôÙA/Sç

èSà ë�â�éêç˜ãká�à�óôá10%K à�éÈóOCOç å^Ù‘è‘â�ãiç á�à�Ù á�ïêóíâ�éh7

;

àõçÜë5I�éöë�ÙSéêç ë�ç˜óôá�ïêèSà�ãäâ�ãiß çÏèSç•ákç˜á:K˜âOéñç˜ã�à�á^èSà

h
÷

èSç•á3å

=

ß�çQèSç˜áx—64 ài4–•�÷Sâ�á–èQïBP à�ã�à�óQA�â�áœóíâOá–âOéÂß ÙSãäâ�áœå

=

èSïöâ�á–è‘âÊˆœÆ

*

óôçOß Ùôã	óíâS÷SâL*˜ç•ã âióOC�ç^åõâ�ïêá

ëHJíâ�åõâ˜è‘âièSàØà�á	ß€ITK à�éÊìÊç•ãœë�ç˜óôá�ïêèSà�ãäâ�ãœìÊà�ã10ñçQèSç˜á–èSàØïêóôá	ßäâL2ôïñéñïöè‘âOèSà}â�ß�åšç•á1P

=

ã�ïêë�âiåšà�á�åšç^èSàØóôç˜ïÂß à•÷

ß ç˜ã�óíâ�å@X›á�àzá�ïB*˜óôïTBíë�â�ß�ï+K˜â�á�÷–ë�ç˜åšç åšç˜á�ß�ãäâ â]BQ*˜ÙôãäâE7ôÝ Ûl2ÊÞ�7

*

â�ó I�éêïñá�à èSà�á	ß�â]B=*•Ùôã â‡åšç•á	ß ã â â

ïêåšìÊç˜ã	ßÂÁOó‘ë�ï â èSà^ÙôåõâS2Êçðâõìôã	à�KQïñámC�ç èSç˜á -‘ÙA/Sç˜áÚà^ìíâ�ãÂÁ�åšà�ß ã	ç•áÇá�ÙôìÊà�ã
Bíë�ï â�ïñáò÷W>ðÙôà^ìÊçQèSà�å à�á	ß�â�ã

*•à�ã âOó‘èSçnK˜â�éêç˜ã�à�áxå^ÙôïÂß çæà�K•à�é âOèSç˜áxìíâOã âšâæâOéÂß ÙSãäâ‰ˆ3Æ˜+ óôç˜ß�Ùôã�óíâ^à�å â�é+*•ÙôåuâOá á ïÂß ÙíâLA�6ðà�á�7

*

BQ*˜ÙôãäâP7o\ åšç•á	ß�ãäâ âzë�ç˜åšìíâ�ãäâLA�COç èSç•áiã�à�á�ÙôéÂß�âOèSç˜á^èQçÜë�ïêë�éñçÜèSï I�ã�ïñç å

=

èSïêç èSç˜áiåšçQèQà�éêç˜á

ìíâOã âæÙôåîåš™�á èSà`ïñóoK à�ã�óôçuà`ç˜ÙSß ã�çuèSàfK•à�ãHC�çQ7 Uxçšåš™�á èSàDpYÙôé+JôçÜÛDBQ*˜Ùôãäâ@7o\SÛ�â•Þ�Þ�÷íçuë�ã�à�á ë�ïñåšà�óðß�ç

è‘âšë�âOåuâ˜è‘âšèQïêÙôã	óíâ

=

åõâ�ïñç•ãxìÊà�éñçuå

=

ß çÏèSçuìôã�I4ß ïêë�çô÷íï+*˜ÙíâOéqâzÝ (91

mh� 1 ÷ÊèQç5>ðÙôàië�ç˜å çšåšçQèSà�éñç

4–•`_˜—W4Ø÷U>ðÙôà

=

èSà`ÝT,ïî

mh� 1 Û�â�åa2Êç˜áÈë�â�éêë�Ùôéöâ˜èSç˜áÈà�óðß ã	àq,23Úà`Ý5_ÚÆ

;

ÀxÞ�÷˜à â�áÈèSï+PUà�ã�à�óQA�âOáÈà�óðß ã	à âOá

âOéÂß Ùôã âOá B‘ë�âOå•åõâ�ïñáxà�KQïêèSà�óðß�à�áxóôçšåšà�ïñçuè‘â^ß�â�ã èSà}à}óôçšïêó=0êë�ïñçõè‘â�óôç˜ïÂß àU7 Uxà�á	ß à}åš™�áò÷ôçæå

=

ß çÏèSç

ìôã�I4ß ïêë�ç`ã�à�á�ÙôéÂß�âÚà�å•ÙSåõâ`â�éñß�ÙôãäâÚå

=

èQï âÚåbIe/SïñåõâÚèSà 3219(

m
÷0F�á Ý5_}Æ

;

À à ç`å

=

ß�çQèSç:4–•”ã�à�á�ÙôéÂß�â

à�å 1ôÝ�\

m
÷?F�ámÝ�î Æ

;

Ài7

*

áqèQïBP à�ã�à�óQA�â�áÔâ�çØâOóSç•ïÂß à�ë�à�ãpà�á	ßmC�çØâOá�á�çQë�ïöâOè‘âOá•âOç˜ápã�à�á ÙôéÂß�âOèSç˜áqèSçxá ïñá	ß à�åuâ

¾

;

4

*

XlÀ +k4Ø÷U>ðÙôà åuâOóðß

=

å -‘ÙA/Sç`èSà ë�â�éêç˜ã ìÊç˜á�ïñß�ï+K•ç`óôç}ïñó=0êë�ïñçiè‘âÇóôç•ïÂß�à ìíâOã â}âOé+*•ÙSåõâOá á�ïÂß ÙíâLA�6Ïà�áò÷
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*

éÂß Ùôã â^è‘âÉˆ3Æ

*

óôçOß Ùôã�ó‘â/7 UØâCB=*•Ùôã â Û â ÞÈçšë5I�éêë�Ùôéêçæá�Næë�ç•óôá�ïêèSà�ã â^ç•á–ã�à�á�ÙôéÂß�âOèSç˜áxèSà

â�ß�åšç•á1PUà�ãäâkà�á�ß�I�K•à�é1àæÛ•2ÊÞÈë�ç˜óôá ïêèSà�ã âkßäâOåG2

=

å ç˜ágJôç˜ã�I�ã�ïñç•áœóôç˜ß�Ùôã�óôç˜á–à�åb>ðÙôà}âOïñó‘è‘âkà�/Sïñá�ß�à -ôÙA/Sç

èSà`ë�âOéñç˜ãxá�à�óôá10%K à�é ìÊç•á�ïÂß ï%K ç Û�â4ß åæç•á1PUà�ã â�ïñóôá	ß€ITK à�éUÞ3óSçšìÊà�ã10ñçQèSçšóSç˜ß ÙSã�óôç=7



Ç�øòø

à�éêà�K•â�ó‘èSç ç•á?K˜âOéñç˜ã�à�á}å

=

èSïñç•á}è‘â â�éñß�Ùôãäâvè‘â ˆœÆ

*

.[F�á:\L, Æ

;

À ç åšçÏèSà�éñç ìôã�I4ß ïêë�ç åšç˜á	ß ãäâõÙôåuâ

âOéÂß Ùôã â�å

=

èSïöâ�èSàG\QÝT,

m
÷Sà�óQ>ðÙíâ�óðß çšçæåšçÏèSà�éêçS4–•`_˜—W4 ã�à�á ÙôéÂßäâ�à�å (?7`(

m
7

UxçÚåš™�áÈèSàgPUà�K•à�ã�à�ïñã�çuÛHBQ*•ÙSãäâ 7-\ôÛl2ÊÞ�Þqç`ë�ã	à�áäë�ïêåšà�óðß ç`è‘â ˆ3Æ

*

àxâ�ámâ�éñß�Ùôãäâ�á å

=

èSïöâ�á å8Ie/Qïêåõâ�á

è‘âÊˆœÆ

*

à�á	ßmC�ça2‘âOá	ß�â�óðß à ìôã�N5/Sïñåõâ�á�÷ÏìÊç˜ã

=

å èSàTPWâ�áäâ˜è‘â�á�÷Qà óôç�K•â�åšà�óðß�àØà€/Sïêá	ß�àØÙôåõâièSà�åæç•ã â`ìíâOã â

âiã	à�èSÙQA�C�ç�è‘â^â�éñß�ÙôãäâióSç^ìÊà�ã10ñçÏèSçæèSàxß ãäâ�óôá�ïNATCOç�èSïñÙôã�óSç?X›óôçOß Ùôã	óôç�ë�ç•å ç^åšçÏèSà�éñçn4–•`_˜—W4¾7\+ á	ß à�á

ã�à�á�ÙôéÂß�âOèSç•á}åuâOïñá}à�éêà�K˜âOèSç•á}óôç ïñó=0êë�ïñç è‘â óôç˜ïñß�à

=
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ó=JOCuà�éêà�K•â�ó‘èSç]P›á à�ë�ç˜å çõß à�åšìÊç â4ß>4kç ìÊà�ã10ñçÏèSç è‘âšß�â�ã èQà�>ðÙíâ�ó‘èSç â�ß�ïêó=*˜à^á�Ùíâ â�éñß�Ùôãäâuå<6TMSïñåõâS÷
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KÔá�ß�àkß�ãäâI2íâOé+Jôç åšç˜á�ß�ãäâõâ âOìôéñïêë�â3ATCOç èSà^èSç•ïñáÇåšçÏèSà�éñç•áÇìíâ�ãäâ âõèSà�ß à�ã	åšïñóíâ3ATCOçvè‘â âOéÂß�Ùôãäâõè‘â

yœÆ�J ìíâ�ãäâ â ã�àT*˜ïNCOçzÙôã�2íâOóíâvèSàèymÙôã�ïÂß ï+2íâvà�å ß çQèQçzç á à�Ù\ë�ïöë�éñç èSïz6�ã�ïñçQ7­¬xå åæçQèSà�éñçzìôã>6�ß�ïöë�çô÷

2íâOá�àòâOèSç â�ì à�óíâOá^à�å åæà�èSïNA�^Ïà�áæèSàuß à�åšìÊà�ã â�ß�Ùôãäâ à5K à�éñçQë�ïöè‘âOèSà èSçÁK à�ó ß ç ó‘â á�ÙôìÊà�ã1P`0öë�ïêàvàõà�å

è‘â˜èSç˜ášèSàvãäâOèSïñç•á�á�ç˜ó‘è‘âL*˜à�óôá�÷`4 â�ìôéñïöë�âOèSç à ë�ç•åšìíâ�ãäâOèSç ë�ç˜å Ùôå åšçÏèSà�éñç‡óÏÙôån4�ã	ïêë�ç‡åõâ�ïêá�á�ç�P

N‘á�ß�ïêë�â˜èSçô÷ >ðÙôà èSà�ìÊà�ó‘èSàvèSà è‘â˜èQç•á�èSàZc‘Ù MSç˜á^á ÙSìÊà�ãONíë�ïöâOïñá^à ç˜ÙSß ã�ç˜á^ìíâ�ã¯®�åšà�ß�ã�ç˜ákß�Ùôã12ôÙôéñà�óðß�ç•á�7

JxèSïêë�ïêç˜óíâ�éêåæà�óðß à<4õïñåšìôéñà�åšà�ó ß�â˜èQçÜÙôå à�áj>ðÙôà�åõâ èSàuß�ãäâ�óôá1PUà�ã�™�ó‘ë�ïöâ á ÙSì à�ã1P�0êë�ïñà�PYâ�ß�åšç˜ájP à�ãäâ ìôãOV�P

ìôã�ïñç ìíâ�ãäâ Ùôåõâvã�àT*˜ïNCOç Ùôã�2íâOóíâ ë�ç•åæì ç˜á	ß�â ìÊç˜ã`ìíâ�ã	ß à�á`óíâ4ß Ùôãäâ�ïñáiàõâOã¾ß ï,Níë�ïöâOïñá�÷F>ðÙôàn4õë�âOìíâ]RõèSà

PUç•ã	óôà�ë�à�ã ç˜á ìíâOã"®Oåšà�ß ã�ç˜á óôà�ë�à�á�áU6�ã�ïñç•áxìíâ�ãäâ^à�á�ß�à}åšçÏèSà�éêçuèSà`ë�âOåõâOè‘â�éñïñåšïÂß àU7

ymç•åæç�ç^ån4�ß�çQèSç^ìôãU64ß ïêë�ç34?2‘âOá�àòâOèSç�óíâ`ß à�åæì à�ãäâ4ß Ùôãäâkè‘âiá ÙSìÊà�ã1P�0êë�ïñàÚàÚèSç^ìÊà�ãON‘é1è‘â�â4ß åæç•á(P

PUà�ãäâ ìíâ�ãäâÜâ�á^á�ïÂß ÙíâLA[^Ïà�á�èSïñÙôã�óíâ�áæë�ç•óoK•à�ë�ß ï%K˜âOá�÷Ôà�MQïêá	ß àõÙôå ë�ç•åæìÊç•ã¾ß�âOåæà�óðß ç ån4�èSïñç ì‘â˜èSãjCOç è‘â

K•â�ã�ïöâLA�COç�è‘â^â�éÂß Ùôã âkè‘â y3Æ�J^÷Që�ç˜å Ùôå ë�ã�à�á ë�ïñåšà�óðß�ç�è‘âkë�â�åõâOè‘â^âiìíâ�ã	ß�ïêã3è‘âiåõâ�ó=JOC^â4ß ïñó=*˜ïêó‘èSç

á à�ÙSK•â�éñç•ãÈå<6TMSïñåšçióôçiåšà�ïêçkè‘âÚß�â�ã èSà•÷Ïè‘â}ç˜ã èSà�å èSàiÝ�\yx3,

m
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ë�ç•ó=P ç•ã	åšàuâ á�ÙôìÊà�ã1P�0êë�ïñàn4æã	à�á1PUã�ïöâOè‘â/7mJ âOéÂß Ùôã â è‘â yœÆ(y ë�ç˜å ç åšçÏèSà�éñçzìôãU64ß ïêë�ç á à�*•Ùôàæçzë�ïêë�éêç

èSïêÙôã	óôç èSà ß�à�åšìÊà�ã â�ß�ÙôãäâQ÷k>ðÙôàvóOCOç 4vç‡ë�ç˜åšìÊç•ã¾ß�â�åšà�óðß�ç à�á�ì à�ãäâOèSç‡ìíâOã â‡â y3Æ-yØ÷•ìÊç˜ïñáæç >ðÙôà

à�MSïñá�ß�à<4vâÄPUç˜ã�åõâLA�COçÜèSàõÙSåõâ ë�âOåõâOè‘â à�á�ßU6�K•à�émë�ç•å ìÊç˜Ù‘ë�âÜâ�éñß�à�ãäâLA�COçÜè‘âÜâ�éñß�Ùôãäâzå<6TMSïñåõâ è‘â

yœÆ(yØ÷�>ðÙôà�ß à�ãU6 âvìÊç˜ãjA�C�çÜâOë�ïñåõâ è‘â‘y3ÆaK”ß�ãäâ�óôá1PUç•ã	åõâOè‘âvà�å y[9<7�K�MSïñá	ß àæÙôåõâÈPUç˜ã	ß àæáäâ�R�ç•óíâTP

éêïêè‘âOèSà óôç ë�ç•åšìÊç˜ã	ßäâOåšà�óðß ç‡è‘â y3Æ�Jk÷ > Ùôà à�á	ßU6‡â�á�á�çQë�ïöâ˜èôâ ìôã	ïêó‘ë�ïñìíâ�éñåšà�óðß àvìÊà�é âÜïñóðß à�óôá ïêè‘âOèSà

èSàkãäâOèSï âLA�C�çvà^èSÙSãäâ3ATCOçvèSç èSïöâõèSà�âOë�ç•ã�èSçvë�ç˜å âuà�á	ß�âLA�C�çvèSç â�óôç=7 hxà�á	ß àkåæçQèSà�éñçô÷ âõë�â�åõâOè‘â

à�á	ßt6TK à�éÊóôçOß Ùôã	óíâs4ÇèSà�ß�à�ã�åšïñóíâOè‘âië�ç•å Ùôå ån4�ß çQèSçkà�åæì=0êã	ïêë�çG2íâOá�àòâOèSç^óíâ<K•à�éñçQë�ïêè‘âOèSàÚèSç:K à�óðß çô÷

ë�ç•óôá�ïêèSà�ãäâ�ó‘èSçn>ðÙôà}âkìôã�çÏèSÙQA�C�çšèSàØß Ùôã�2ôÙôéê™�ó‘ë�ï âkóíâ y3Æ�J 4Çà�MSë�éêÙôá�ï%K˜âOåšà�óðß àÚìÊà�éñçæë�ïêáäâ�é+JíâOåšà�óðß ç

èSç�K à�ó ß çô÷ôë�â�Ùôá�âOèSçæìÊà�éñçõâ4ß ã	ïñß�çšèSçšâOã ë�ç˜åƒá�ÙôìÊà�ã1P`0öë�ïñà}ã�Ù/*•ç˜áäâ/7`hxçæìÊà�ã�0êçÏèSçæóôç˜ß�Ùôã�óôçæç�ån4�ß çÏèSç
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m
á�à�å âOìôã	à�á�à�óðß�â�ã`áäâ]R�ç•ó‘âOéñïöèôâ˜èSàU7È]qç˜ãW4�åz÷

âOóíâ�éñïêáäâ�ó‘èSçæâià�K ç˜éêÙQA�C�ç�è‘âië�â�åõâOè‘â`óôç˜ß�Ùôã�óíâ<K à�ã	ïSNíë�â9P›á�à?>ðÙôà çkã�à�á�ÙôéÂß�âOèSç�è‘âkâ�éñß�Ùôãäâs482íâ�á	ß�â�óðß à

K•â�ã�ïz6TK à�éÊèSÙôã âOóðß�à X}óôç˜ïÂß à•÷ðá�àT*•Ùôïñó‘èSçkçkë�ç•åšìÊç˜ã	ßäâOåæà�óðß çkè‘âiK•à�éêçÏë�ïêè‘â˜èQàÇèSçfK à�óðß ç=7dK å ë�â�á�ç•á3èSà

ë�âOéñåõâ�ã�ïöâOáÚçvåæçQèSà�éñç ã	à�á�Ùôéñßäâ à�å K˜â�éêç˜ã�à�áÚóðÙôéêç˜áÚìíâOã â âvâ�éÂß Ùôã âvè‘â y3Æ�J^÷6>ðÙôà�ìíâ�ãäâvâ�ìôéñïöë�âLA[^ðà�á

ìôãU64ß ïêë�âOáxèSà�K à}á�à�ã–éêïñåšïÂß�âOè‘âæë�ç˜å•ÙôåÉK˜â�éêç˜ã åM0ñóôïñåšç Ûöx3,

m
Þm7

I

åšçQèQà�éêçÚóÏÙôå54�ã�ïêë�ç}èSà ë�â�åõâOè‘âØéêïñåšïÂß à â˜ë�ç•ìôéöâOèSç`ë�ç˜å çÚà�áH> Ùôà�åõâÇèSà3ß ãäâ�óôá1PUà�ã	™�ó‘ë�ïöâ 4œåõâ�ïêá

ë�ç•åæìôéêà�ß�çzóíâvã�à�ìôã	à�á�à�óðß�âLA�C�çÄP�0ñá ïêë�â è‘â‘y3Æ�JG7ÒJ èSï+PUà�ã�à�óQA�â PUÙSó‘è‘âOåæà�óðß�â�é à�óðß�ã�àæà�á	ß àæåšçQèQà�éêçzà

ç åšçQèQà�éêç ìôãU64ß ïêë�ç 4 >ðÙôà•÷–ìÊç˜ã á�à�ã52íâ�á�àòâOèSç ìôã	ïêó‘ë�ïêìíâ�éñåšà�óðß�à óSç c‘Ù MSç èSà ë�âOéñç•ãõá�à�óôá10+K•à�é óíâ

á ÙôìÊà�ã1P�0êë�ïñà•÷‹à�óQ> ÙíâOó ß çzà�á�ß�à3c‘Ù MSç PUç˜ã}ìÊç˜á�ïñß�ï%K ç â â4ß åšç˜á1PUà�ã âþ4šâ3> Ùôà�ë�ïêè‘âvàæà�MSïñá	ß àæìôã	çQèSÙQA�C�ç èSà

ß Ùôã12SÙôéê™�ó‘ë�ï â�ßW4�ã�åšïêë�âQ÷=PWâ�R�à�ó‘èSçõë�ç˜å > Ùôàkâšâ�éñß�Ùôãäâæè‘âãyœÆ�J“âOÙôåæà�óðß àiâ�ßW4:>ðÙôà}ç5c‘Ù MSçuèSàië�â�éñç•ã

á à�óôáj0%K à�éœïêó-K à�ã	ßäâ ç‡á�à�Ù á�ïñóíâOé ÷Èë�ç˜ó"NQ*˜Ùôãäâ�ó‘èSç Ùôåuâ â�ß�åšç•á1P à�ãäâÜà�á�ßäâ�ß�ïöë�âOåšà�ó ß àvà�á	ßt6TK à�é3à ß�à�ó‘èSç

á Ùíâ â�éñß�Ùôãäâzë�âOéêë�ÙôéöâOè‘â óOC�ç åõâ�ïñáià�åRPUÙSóQA�COç èSïêã	à�ß�âzèSçûc‘Ù MQçÜèSàõë�â�éñç•ãiá�à�óôá10%K à�éh7oK�MQïêá	ß à�å â�é\P

*•ÙôóôáÇìÊà�ã�0ñçQèSç˜áÚà�å >ðÙôà•÷ åæà�á�åšç â�ç âOóôç˜ïñß�à�ë�à�ã�÷ â â�éñß�Ùôãäâõè‘â yœÆ�J•ë�ç˜óðß ïñóÏÙíâõë�ã	à�áäë�à�ó‘èSçQ7 hxà�á	ß à

ë�âOá�çô÷•çûc‘Ù MQç èSàõë�âOéñç˜ãká�à�óôá10%K à�éQ4õìôã�ç�K•à�óôïêà�óðß à èSçÜë�â�éñç•ã^âOã	åõâ�R�à�óíâ˜èSç óôç á ç˜éñç‘÷qà�èSï,Níë�âLA[^Ïà�á^à

ã�Ùíâ�áò÷ >ðÙôà^ë�ç•åæì�^Ïà�å ç á ïñá	ß à�åuâuÙôã12‘âOóôç àkámC�ç ã	à�ìôã�à�á�à�óðßäâ˜èSç˜áÚë�ç˜å ç à�áj>ðÙôà�åuâõèSàkß ã âOóSájP à�ã�™�ó P

ë�ï âèŠ
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K¿487©KÔá�ß�à^à�áH> Ùôà�åõâZ4aP ç•ã¾ß à�åšà�ó ß à^èSà�ìÊà�ó‘èSà�óðß�à�è‘âOáÇèSà�á ë�ã�ïBA[^Ïà�á?*•à�ç˜ån4�ß�ã�ïêë�âOáÇà^è‘â�á

ìôã�ç˜ìôã�ïñà�è‘âOèSà�á�P�0ñá�ïöë�âOáæèSç˜á�ë�ç˜åšìÊç˜óôà�óðß à�áæè‘â á ÙSìÊà�ã1P�0êë�ïñà•÷ ìÊç•ãkïêá�á�çÜç•á^ã	à�á�Ùôéñßäâ˜èSç˜áæèôâ â�éñß�Ùôãäâ è‘â

yœÆ�J àÚèSç�ìôãWV˜ìôã�ïñçæåæçQèSà�éñçšèSàÇïêó ß à�ã â3A�C�çæáHC�çuâ�óíâ�éêïñáäâ˜èSç˜áq>ðÙ‘âOéñïÂß�â4ß ï%K•â�åšà�óðß�à}àÚë�ç˜åƒïñóðß à�ã	ìôã�à�ßäâ9P

A[^Ïà�áØèSçõë�ç˜åšìÊç•ã¾ß�â�åšà�óðß�ç5P`0êá�ïêë�çô÷ÊìÊç˜ïñáØóOC�çuà�MSïñá�ß�à�å åšà�èSïNA[^ðà�á á�Ù"Níë�ïñà�óðß à�á ìíâOã âæÙôåõâšë�ç˜åšìôéñà�ß�â

K à�ã�ï,Níë�âLA�C�çQ7n]pç•ãO4�å ÷ à�á	ß à�á}åšçÏèSà�éñç•á}áHCOç 2íâ�á	ß�â�óðß àuâ4ß ã â�ß�ï+K•ç•á�÷ ìÊç•ïñáiâvìíâ�ã	ß�ïêã}èSà�ìÊç•Ù‘ë�âOáiK•â�ã�ïz6TP

K à�ïñáÔÙQß ïñéêïSRòâOè‘âOá ë�ç˜åšç8PUç˜ãjA�â�óðß à�á•ìÊçÏèSà�å PUç˜ã�óôà�ë�à�ãÔèSï+K•à�ã�á�ç˜áÔìíâ�ã¯®�åšà�ß�ã�ç˜áÔèSà3ïêóðß�à�ã�à�á�á�à3à�å à�á	ß Ù‘èSç˜á

â�ß�åšç•á1P$4�ã�ïêë�ç•á�÷•ë�ç˜åšçÇà�á	ß�âI2ôïñéñïöè‘âOèSàxâ4ß åæç•á1P$4�ã	ïöë�âS÷�c‘Ù MSç˜áÔá�ÙôìÊà�ãON‘ë�ï â�ïñá à â ìôãOV•ìôã	ï âÇâ�éñß�ÙôãäâØè‘â y3Æ�Ja7

J“ã	à�é âLA�C�ç à�ó ß ã�à^âõâ�éÂß Ùôãäâšè‘â”y3Æ�J“à^âS>ðÙíâ�éñïöè‘âOèSà^èSçvâ�ã}4ià�á	ß Ù‘è‘âOè‘âšà�å â�éB*˜ÙôóôáØìÊà�ã10ñçÏèSç•á

èSà ë�ç˜ó‘ë�à�óðß ã â3A�^Ïà�á ã	à�éöâ�ß ï%K˜âOåæà�óðß à–à�éêà�K˜âOè‘âOá�÷•ã�àT*˜ïñá�ß�ãäâOè‘â�á óíâØã	à�èSà èSà–åšç˜óôïÂß ç˜ãäâ�åšà�óðß çÚè‘â<9–àT*˜ïNCOç

E à�ß ã�ç˜ìÊç•éñïÂß�â�óíâvèSà•ymÙôã�ïÂß ï+2íâ´7shxçvåš™�á}èSàæâI*˜ç•á	ß çvèSàM\L,3,ôÝ˜÷ âOé+*˜Ùôåõâ�áÚà�á	ß�âLA[^ðà�áÚã�àT*˜ïñá�ß�ãäâ�ãäâ�å âOá

åõâOïñç˜ã�à�áæån4�èSï â�ášèSàzë�ç˜ó‘ë�à�óðß�ãäâLA�COç\èSà â�é+*•ÙôóSáuë�ç˜óðß�â�åšïñóíâ�óðß à�áæåšç˜óôïÂß ç˜ãäâOèSç•á�7 ]•âOã â à�á�ß�à åš™�á

K à�ã�ï,Níë�âTP›á�àn>ðÙôàšâ�á`â�éñßäâOá}ë�ç˜ó‘ë�à�óðß�ãäâLA[^Ïà�á}à�á�ßHCOçvã�à�é âOë�ïñç•óíâOè‘â�áiâOçePWâ4ß ç èSà�á�à�ãÇÙôå åš™�áÚã	à�éöâ�ß�ï+K˜âTP
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I

ÙSß ã	ç

ìÊà�ã10ñçQèSçièQàxë�ç˜ó‘ë�à�óðß ã â3A�^Ïà�á à�éêà�K˜âOè‘âOá`4–à�óðß ã	à ç˜á åšà�á�à�á èSà åõâ�ïñç}à pYÙôó/JôçQ7dhxà�á	ß�àxë�âOá�çô÷ÏâÚë�ç•åæìíâ9P

ãäâLA�COç^à�óðß�ã�àÚâ^âOéÂß Ùôã âkè‘â y3Æ�J à}âkë�ç˜ó‘ë�à�óðß�ãäâLA�COç�èSàÚèSïSV&MSïêèSçæèSàÇà�ó MSçUP ã�àÇóíâ ymïöèôâ˜èSà Š›ó‘èSÙôá	ß ã	ï â�é

èSàzy3Ùôã	ïñß�ïB2íâ�åæç•á	ß ã â�>ðÙôà}à�M‘â4ß�â�åšà�ó ß à}óôç˜áxìÊà�ã�0êçÏèSç˜áØë�Ù3p	âšâ�éñß�Ùôãäâ�è‘âãy3Æ�J 4}åõâ�ïêáD2íâ�ï\M‘âS÷ôìôã	ïêó P

ë�ïêì‘âOéñåšà�óðß�àkóôçõìÊà�ã�0êçÏèSç óôçOß Ùôã	óôç‘÷íà�MSïñá	ß àiÙôå âOÙôåæà�óðß çuá ï+*˜óôïSNíë�â�ß�ï+K•ç óíâ�áÇë�ç˜ó‘ë�à�óðß�ãäâLA[^Ïà�áÇèSà�á	ß à

ìÊç•éñÙôà�óðß�àU75lØÙíâ�ó‘èSç â yœÆ�J•ïêóôïêë�ïöâvç á�à�Ù ë�ã	à�á ë�ïêåæà�óðß ç óSç ïêó=0êë�ïñç èôâ åõâOó/JOC â�á`ë�ç˜ó‘ë�à�óðß�ãäâ3A�^Ïà�á

èSïêåæïêóÏÙSà�å àvóôç NôóíâOé–è‘â ß�â�ã èSà >ðÙíâ�ó‘èSç‡ß�à�å ïñó=0öë�ïñçÑâ P ç•ã	åõâ3A�C�ç è‘â yœÆ
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