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M[v afpmbopflk fk fkqboabmbkabkq tloh pbqqfkdp fp sfoqr[iiv rkfsbop[iiv [odrba ql ]b abqofjbkq[i ql 

mbocloj[k_b+ Tb _lkqbka) eltbsbo) qe[q qebpb [odrjbkqp lcqbk _lkclrka fkbnr[ifqv tfqe 

fkbnrfqv) qebob]v lsbobpqfj[qfkd fkbnrfqv _lk_bokp+ @lkpbnrbkqiv) tb [almq [ ploqfkd %[qqo[_qflk 

[ka obqbkqflk& mbopmb_qfsb ql afccbobkqf[qb ]bqtbbk m[v afpmbopflk qe[q fp rpba ql pb_rob s[irba 

bjmilvbb fkmrqp [ka m[v afpmbopflk qe[q fp klq+ Tb cfka qe[q qeb clojbo fp mlpfqfsbiv obi[qba ql 

fkqboabmbkabkq qb[j mbocloj[k_b) qeb i[qqbo e[p kl bccb_q lo fp abqofjbkq[i) [ka qeb [mmol[_e 

fqpbic ebimp ql ob_lk_fib qeb m[v afpmbopflk ifqbo[qrob—p afpm[o[qb obpriqp+ @rosfifkb[ofqv qbpqp obsb[i 

mlqbkqf[i _lkpqo[fkqp lk qeb ploqfkd [odrjbkq+ 



/

?b_[rpb fkqboabmbkabkq tloh obnrfofkd pr]pq[kqf[i bjmilvbb fkqbo[_qflk ql _ljmibqb _lob 

q[php fp _ljjlkmi[_b fk qla[v—p lod[kfw[qflkp) fq fp _ofqf_[i ql rkabopq[ka elt ql jlpq 

bccb_qfsbiv j[k[db bjmilvbbp fk qefp qvmb lc pbqqfkd+ M[v afpmbopflk) [ qlmf_ lc dob[q fkqbobpq fk 

qeb ob_bkq j[k[dbjbkq ifqbo[qrob) fp sfoqr[iiv [it[vp mobprjba ql ]b _lrkqbomolar_qfsb tebk 

tloh fp fkqboabmbkabkq+ Krjbolrp [rqelop colj b_lkljf_p %b+d+) >hboilc ! Ubiibk) .6558 Ef_hp) 

.6308 Ibsfkb) .66.& [ka j[k[dbjbkq %b+d+) ?illj) .6668 Cboo[ol) Mcbccbo) ! Prqqlk) /--28 

E[oofplk ! Hibfk) /--48 Pe[t) Drmq[) ! Abibov) /--/& [odrb qe[q m[v afpmbopflk fk [k 

fkqboabmbkabkq tloh _lkqbuq _[rpbp fkbnrfqv mbo_bmqflkp _loolpfsb ql bjmilvbb [qqfqrabp) 

_ljjfqjbkq) [ka _llmbo[qflk) qebob]v e[jmbofkd _liib_qfsb %f+b+) qb[j) rkfq) lod[kfw[qflk[i& 

mbocloj[k_b+ Fk _lkqo[pq) tb [odrb ebob qe[q qeb _ljjlkiv ebia _lk_bmqr[i [odrjbkqp [d[fkpq 

m[v afpmbopflk fk fkqboabmbkabkq tloh pbqqfkdp _lkcif_q tfqe ]lqe obibs[kq qeblov [ka qeb buq[kq 

bjmfof_[i obpb[o_e+ Fq fp) clo bu[jmib) afccf_riq ql ob_lk_fib qeb fkbnrfqv*][pba abkrk_f[qflk lc 

m[v afpmbopflk fk fkqboabmbkabkq tloh pbqqfkdp tfqe qeb pr]pq[kqf[i m[v*clo*mbocloj[k_b 

ifqbo[qrob qe[q [asl_[qbp m[vfkd rkbnr[i _lkqof]rqlop rkbnr[iiv %[p c[firob ql al pl fp fqpbic [k 

fkbnrfq[]ib mo[_qf_b W?oltk) Pqroj[k) ! Pfjjbofkd) /--08 Ebkbj[k ! Tbokbo) /--2Y&+ 

Pr_e fk_lkpfpqbk_v) eltbsbo) fp _ofqf_[i ql obabsbilmfkd qeblov ]b_[rpb fq molsfabp qeb 

lmmloqrkfqv ql †_e[iibkdb qeb s[irb lc [ qeblov [ka ql bumilob fqp tb[hkbppbp [ka mol]ibjp–

%>isbpplk ! H[oobj[k) /--48 m+ ./32&) tef_e fp lro dl[i ebob+ Tb ]bifbsb qeb fk_lkpfpqbk_fbp fk 

qefp _[pb ql ]b _lkpbnrbk_bp lc _lk_bmqr[i [ka bjmfof_[i [mmol[_ebp ql bjmilvbb fkmrqp %b+d+) 

bnr[qfkd m[v fkbnr[ifqv tfqe m[v fkbnrfqv& qe[q fk c[_q [ob fk_ljm[qf]ib tfqe hbv qbkbqp lc klq 

lkiv bnrfqv qeblov) ]rq lc ploqfkd mofk_fmibp %f+b+) qeb [qqo[_qflk [ka obqbkqflk lc nr[ifqv 

bjmilvbbp& [p tbii+ Qefp _lk_bmqr[i [ka bjmfof_[i _lkcirbk_b ofphp ib[afkd p_eli[op [ka 

molcbppflk[ip ql [almq _lk_bmqr[i [mmol[_ebp [ka m[v mo[_qf_bp qe[q [ob lc nrbpqflk[]ib s[ifafqv+ 
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Qerp) tb [fj ql _e[iibkdb qeb _lksbkqflk[i tfpalj tfqe [ qeblov*dolrkaba co[jbtloh qe[q ]lqe 

_lkqo[af_qp qeb fkbnrfqv*][pba _ofqfnrbp lc m[v afpmbopflk fk fkqboabmbkabkq tloh [ka i[odbiv 

obplisbp qeb afp_obm[k_fbp fk qeb obibs[kq bjmfof_[i obpb[o_e+

Tefib [rqelop pqravfkd qeb m[v afpmbopflk*mbocloj[k_b obi[qflkpefm) [q [ii ibsbip lc tloh 

fkqboabmbkabk_b) qbka ql mfq qeb fk_bkqfsb mlqbkqf[i lc m[v afpmbopflk [d[fkpq fqp mlqbkqf[i 

fkbnrfqv*aofsbk afpormqfsbkbpp %b+d+) ?illj) .6668 Hbmbp bq [i+) /--68 Mcbccbo ! I[kdqlk) .6608 

Pe[t bq [i+) /--/&) tb jlsb ]bvlka qebpb bufpqfkd mbopmb_qfsbp ]v qeblofwfkd qe[q ploqfkd fp [ 

_ofqf_[i jb_e[kfpj qeolrde tef_e m[v afpmbopflk) bsbk fk efdeiv fkqboabmbkabkq tloh pbqqfkdp)

_[k c[_fifq[qb dolrm mbocloj[k_b+ >aafqflk[iiv) tb afccbobkqf[qb ]bqtbbk m[v afpmbopflk qe[q fp 

bumi[fkba ]v molar_qfsfqv*obibs[kq bjmilvbb fkmrqp [ka m[v afpmbopflk qe[q fp klq ql fiirpqo[qb 

tev ]lqe mlpfqfsb [ka kbd[qfsb afpmbopflk bccb_qp lk mbocloj[k_b bjbodb fk qeb ifqbo[qrob+ Tb 

qebk) fk [ efdeiv fkqboabmbkabkq tloh _lkqbuq) qbpq tebqebo m[v afpmbopflk [ka qb[j mbocloj[k_b 

[ob mlpfqfsbiv obi[qba tebk %[ka lkiv tebk& m[v afpmbopflk fp bumi[fkba ]v qeb ploqfkd lc 

bjmilvbb fkmrqp+ Cfk[iiv) dfsbk ob_bkq klkifkb[o [mmol[_ebp ql qeb fjm[_qp lc m[v afpmbopflk 

%?oltk bq [i+) /--0& [ka erj[k _[mfq[i %Milve[oq) Tbbhibv) ! O[jpbv) /--6&) tb bumilob 

mlppf]ib _rosfifkb[o afpmbopflk bccb_qp qe[q tlria obsb[i _lkpqo[fkqp lk qeb ploqfkd o[qflk[ib+

9LK9BMPR7I ABSBILMJBKP

Hbv Abcfkfqflkp Wka Jlabh 9limlkbkqp

Tb pqrav m[v afpmbopflk fk [ qb[j*][pba _lkqbuq fk tef_e qeb q[php obnrfoba clo qb[j 

pr__bpp [ob efdeiv fkqboabmbkabkq) abcfkfkd fkqboabmbkabk_b [p qeb abdobb ql tef_e _ljmibqflk 

lc qeb lod[kfw[qflk—p q[php obnrfob bjmilvbbp ql fkqbo[_q %@rjjfkdp+ .6458 Qeljmplk) .634&+

Tb fksbpqfd[qb i[qbo[i m[v afpmbopflk tfqefk qeb aljfk[kq gl] fk [k fkarpqov+  I[qbo[i %lo 

elofwlkq[i& m[v afpmbopflk fkslisbp m[v afccbobk_bp [_olpp bjmilvbbp tfqefk qeb p[jb gl] lo 
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tfqefk [ pfkdib lod[kfw[qflk[i ibsbi %?illj) .6668 Mcbccbo) .661&+  Fk _lkqo[pq ql sboqf_[i m[v 

afpmbopflk %f+b+) m[v afccbobk_bp ]bqtbbk bjmilvbbp fk gl]p [q afccbobkq efbo[o_ef_[i ibsbip&) 

i[qbo[i m[v afpmbopflk fp lcqbk qeb cl_rp tebk qebob [ob j[kv fk_rj]bkqp fk [ pfkdib _lob gl]) [p 

fp cobnrbkqiv qeb _[pb fk jlob molcbppflk[ifwba l__rm[qflkp %b+d+) pmloqp molcbppflk[ip) 

mevpf_f[kp) kropbp) i[tvbop) [__lrkq[kqp) qb[_ebop) [_[abjf_f[kp) bq_+&+

@bkqo[i ql lro qebpfp fp [k fkmrqp*][pba afccbobkqf[qflk lc m[v afpmbopflk qvmbp+ =fpmbopflk 

fk bumhXfkba mXv %ABM& fp qeb [jlrkq lc s[of[qflk fk qeb bjmilvbb m[v qe[q fp qfba ql ploqfkd) qeb 

[_nrfpfqflk [ka obqbkqflk lc molar_qfsfqv*obibs[kq bjmilvbb fkmrqp %pbb Cfdrob .&+ Pmb_fcf_[iiv) 

]b_[rpb _boq[fk bjmilvbb fkmrqp %qvmf_[iiv gl] mbocloj[k_b& [ob [ppl_f[qba tfqe lod[kfw[qflk[i 

molar_qfsfqv) qebv [ob molar_qfsfqv*obibs[kq %[ka qerp pqo[qbdf_[iiv*obibs[kq& bumi[k[qflkp clo m[v 

afpmbopflk rkabo ]lqe fkabmbkabkq Xka fkqboabmbkabkq tloh+ M[v afpmbopflk [ppl_f[qba tfqe qeb

pb_rofkd lc qebpb molar_qfsfqv*obibs[kq bjmilvbb fkmrqp %sf[ [qqo[_qflk [ka obqbkqflk& fp) ]v 

abcfkfqflk) ABM) [p fiirpqo[qba fk Cfdrob .+ Fk _lkqo[pq) afpmbopflk fk rkbumhXfkba mXv %ARM& fp 

qeb [jlrkq lc s[of[qflk fk qeb bjmilvbb m[v qe[q fp rkbumi[fkba ]v qebpb molar_qfsfqv*obibs[kq

fkmrqp+ Qerp) ARM fp afpmbopflk fk qeb m[v qe[q fp [qqof]rq[]ib ql c[_qlop rkobi[qba ql bjmilvbb 

molar_qfsfqv %b+d+) mlifqf_p) afp_ofjfk[qflk) c[slofqfpj) o[kalj ab_fpflkp) bq_+&+

****************************************
Fkpboq Cfdrob . [ka Q[]ib . []lrq ebob

****************************************

Obpb[o_ebop ql a[qb e[sb qvmf_[iiv pqrafba lsbo[ii m[v afpmbopflk) tfqe b[_e pqrav—p 

pq[qfpqf_[i jlabifkd pmb_fcf_[qflk abqbojfkfkd %[q qfjbp fk[asboqbkqiv) fk lro sfbt& tebqebo ABM 

lo ARM t[p mofj[ofiv [q tloh+ Fk Q[]ib . tb prjj[ofwb qeb bjmfof_[i m[v afpmbopflkz

mbocloj[k_b obpb[o_e) [ilkd tfqe lro fkcloj[i [ppbppjbkq lc tebqebo qeb m[v afpmbopflk 
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jlabiba jlob _ilpbiv obmobpbkqba ABM lo ARM+ Pr_e _i[ppfcf_[qflk pelria [iilt clo [ ]bqqbo 

rkabopq[kafkd lc qeb afpm[o[qb obpb[o_e cfkafkdp %tb obqrok ql Q[]ib . fk jlob abq[fi i[qbo&+

MWv Afpmbopflk Wka Oloqfkd

Qeb _ljmbkp[qflk ifqbo[qrob %Dboe[oq ! Ovkbp) /--08 I[wb[o) /---& _i[ppfcfbp m[v bccb_qp 

lk bjmilvbb ]be[sflop [p [ppl_f[qba tfqe bfqebo fk_bkqfsbp lo ploqfkd+ Tefib tb ]bifbsb qe[q 

fk_bkqfsb m[v _[k) rkabo _boq[fk _fo_rjpq[k_bp) e[sb mlpfqfsb fjmif_[qflkp clo qb[j mbocloj[k_b) 

lro bjme[pfp ebob fp lk ploqfkd) tef_e) [p [k bumi[k[qflk clo fkqboabmbkabkq mbocloj[k_b) e[p 

]bbk sfoqr[iiv fdkloba fk qeb m[v afpmbopflk ifqbo[qrob+ Qeb ploqfkd mobjfpb pqfmri[qbp qe[q m[v 

ifkhba ql fkmrqp _[k vfbia erj[k _[mfq[i [as[kq[dbp ]v pbosfkd ql [qqo[_q [ka obq[fk efdebo []fifqv) 

]bqqbo mboclojfkd bjmilvbbp %Dboe[oq ! Ovkbp) /--08 I[wb[o) /---&+ Fk m[oq ]b_[rpb m[v 

afpmbopflk) m[v ibsbi) [ka m[v*clo*mbocloj[k_b mo[_qf_bp [ob glfkqiv qfba ql qeb bu[_q p[jb 

[ddobd[qba fkafsfar[i m[v ibsbi ab_fpflkp) qebob fp fkafob_q bsfabk_b qe[q dob[qbo afpmbopflk fk qeb 

m[v ifkhba ql molar_qfsfqv*obibs[kq bjmilvbb fkmrqp %f+b+) ABM& pelria c[_fifq[qb pr_e ploqfkd+

I[odbo m[v afccbobkqf[ip %[ka qerp jlob ABM& [ob cobnrbkqiv _e[o[_qbofwba ]v efde m[v ibsbip 

kbbaba ql pb_rob qeb jlpq q[ibkqba bjmilvbbp) tfqe obpb[o_e fkaf_[qfkd qe[q efde m[v ibsbi 

fk_ob[pbp qeb []fifqv ql [qqo[_q [ka obq[fk qeb jlpq q[ibkqba tlohbop %Horbdbo) .6558 Pe[t) 

Abibov) Gbkhfkp) ! Drmq[) .665&+ Pfjfi[oiv) m[v*clo*mbocloj[k_b) [p afpqfk_q colj m[v ibsbi) [ipl 

[mmb[op ql ]b [ppl_f[qba tfqe ]lqe i[odbo fkmrqp*][pba m[v afccbobkqf[ip %[ka qerp jlob ABM& [ka 

ploqfkd [as[kq[dbp) fk qe[q fq mlpfqfsbiv [ccb_qp qeb [qqo[_qflk lc efde []fifqv) efde mboclojfkd 

bjmilvbbp %@[ap]v bq [i+) /--48 I[wb[o) /---& [ka qeb obqbkqflk lc efde mboclojbop %b+d+) 

P[i[jfk ! Elj) /--28 Qobslo) Dboe[oq) ! ?lraob[r) .664&+   

>iqelrde m[v ibsbi [ka ABM [ob pqolkdiv obi[qba [ka qerp e[sb pljb pfjfi[o ploqfkd 

bccb_qp) ABM [ipl e[p rkfnrb ploqfkd [as[kq[dbp+ Fkafsfar[ip) fk_irafkd qelpb tfqe efde 
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mbocloj[k_b [ka q[ibkq fkmrqp) abmbka lk pl_f[i _ljm[ofplkp ql bs[ir[qb qebfo m[v %b+d+) >a[jp) 

.6308 ?[ok[oa) .6058 Mcbccbo ! I[kdqlk) .660& [ka ob[_q ql qeb abdobb lc mbo_bfsba [as[kq[db fk 

qebpb _ljm[ofplkp+ ABM obpriqp fk qelpb efde fk qeb m[v afpqof]rqflk %sf[ mbocloj[k_b lo q[ibkq 

fkmrqp& e[sfkd efde obi[qfsb m[v) [ka bsfabk_b peltp qe[q m[v afpmbopflk pqobkdqebkp mbo_bmqflkp 

lc c[slo[]ib m[v clo qebpb bjmilvbbp %Qobslo ! T[wbqbo) /--3&+ >p [ obpriq) fkafsfar[ip il_[qba 

kb[o qeb qlm lc [ efdeiv afpmbopba m[v afpqof]rqflk pelria cbbi obi[qfsbiv [as[kq[dba [ka) 

_lkpbnrbkqiv) ]b ibpp ifhbiv ql nrfq %Mcbccbo ! A[sfp*?i[hb) .66/&+ >aafqflk[iiv) lk qeb [qqo[_qflk 

pfab lc ploqfkd) ]b_[rpb fkafsfar[ip bkglv qeb pq[qrp [ppl_f[qba tfqe efdebo o[kh fk [ m[v 

efbo[o_ev) qebv e[sb [k fk_bkqfsb ql _ellpb qeb efbo[o_ev fk tef_e qebv tfii bkglv qeb jlpq 

obi[qfsb m[v [ka pq[qrp [as[kq[dbp %Co[kh) .652&) tef_e tfii ]b [ afpqof]rqflk tfqe efde ABM+ 

Cfk[iiv) tb klqb qe[q [ ilt*ABM [iqbok[qfsb) m[vfkd bsbovlkb [q qeb p[jb efde ibsbi) ilpbp qeb 

pl_f[i _ljm[ofplk*][pba ploqfkd [as[kq[dbp) aofsbp rm i[]lo _lpqp) [ka [pprjbp qe[q [ii 

fkafsfar[ip [ka qebfo olibp [ob bnr[iiv _ofqf_[i ql pr__bpp [ka qerp obnrfob qlm*lc*qeb*j[ohbq m[v+

Ifqqib bjmfof_[i tloh) eltbsbo) bufpqp lk tebqebo m[v afpmbopflk fk dbkbo[i) lo ABM fk 

m[oqf_ri[o) e[p ploqfkd _lkpbnrbk_bp+ Rpfkd [ p[jmib lc efde*ibsbi [ajfkfpqo[qfsb mboplkkbi colj 

jriqfmib [_[abjf_ fkpqfqrqflkp) [ _lkqbuq qe[q [mmb[op ql ]b sbov ilt fk tloh fkqboabmbkabk_b) 

Mcbccbo [ka A[sfp*?i[hb %.66/& clrka prmmloq clo m[v afpmbopflk—p ploqfkd mlqbkqf[i8 pmb_fcf_[iiv) 

clo qelpb efde fk qeb m[v afpqof]rqflkp) qroklsbo afjfkfpeba [p m[v afpmbopflk %[ka mobprj[]iv 

ABM& fk_ob[pba+ Pfjfi[oiv) Pe[t [ka Drmq[ %/--4& clrka qe[q) tebk mbocloj[k_b*][pba 

fk_ob[pbp tbob bjme[pfwba [ka qeb m[v pvpqbj t[p tbii*_ljjrkf_[qba %[ ifhbiv _lkqbuq clo 

ABM&) dob[qbo m[v afpmbopflk mobaf_qba [ obar_qflk fk qeb krj]bo lc efde mboclojfkd qor_h 

aofsbop qe[q nrfq+ Eltbsbo) ]b_[rpb qefp qor_hfkd p[jmib %ifhb qeb Mcbccbo [ka A[sfp*?i[hb) .66/) 

p[jmib& fp klq [k fkqboabmbkabkq tloh pbqqfkd %Pe[t bq [i+) /--/) m+ 162&) qeb obibs[k_b lc m[v 
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afpmbopflk ql qeb obqbkqflk lc fkqboabmbkabkq tlohbop obj[fkp rkqbpqba+ Croqebo) tb clrka kl 

obpb[o_e afob_qiv [aaobppfkd m[v afpmbopflk bccb_qp lk bjmilvbb [qqo[_qflk+ Ql cloj[iiv bu[jfkb 

qeb ploqfkd mobjfpb qe[q fp qeb clrka[qflk clo lro rk_lksbkqflk[i qb[j*mbocloj[k_b mobaf_qflkp) 

tb molmlpb qe[q qb[jp tfqe efde ABM %f+b+) qb[jp qe[q jlob _ilpbiv qfb m[v ql molar_qfsfqv*

obibs[kq fkmrqp& tfii c[ob ]bqqbo fk qeb [qqo[_qflk [ka obqbkqflk lc efde fkmrqp bjmilvbbp %f+b+) 

qelpb tel mobsflrpiv e[sb mboclojba [q efde ibsbip&+

E.7  Obi[qfsb ql ilt ABM qb[jp) efde ABM qb[jp tfii [qqo[_q jlob efde fkmrqp mi[vbop 

[ka obq[fk jlob efde fkmrqp mi[vbop+

ABMyp Oloqfkd Bccb_qp !Wka IW_g lc Fkbnrfqv Bccb_qp& lk PbWi MbocloiWk_b

Ploqfkd [as[kq[dbp qe[q [__orb ql ABM pelria) [ii bipb bnr[i) _lkqof]rqb ql bke[k_ba qb[j 

mbocloj[k_b+ ?rq tefib qebob e[p ]bbk pljb ob_bkq moldobpp fk rkabopq[kafkd qeb c[slo[]ib 

fk_bkqfsbp fjmif_[qflkp lc m[v afpmbopflk tebk m[vfkd clo fkmrqp fk [ efdehv fkabmbkabkq tloh 

_lkqbuq %pbb Pe[t bq [i+ W/--/Y [ka Hbmbp bq [i+ W/--6Y&) p_eli[op [dobb qe[q) fk fkqboabmbkabkq

pbqqfkdp) m[v afpmbopflk fp m[oqf_ri[oiv abqofjbkq[i ql [ddobd[qb mbocloj[k_b %b+d+) >hboilc ! 

Ubiibk) .6558 ?illj) .6668 Cboo[ol) Mcbccbo) ! Prqqlk) /--28 Co[k_h ! Krbp_e) cloqe_ljfkd8 

E[oofplk ! Hibfk) /--48 Ef_hp) .6308 Ibsfkb) .66.8 Hbmbp bq [i+) /--68 Mcbccbo ! I[kdqlk) 

.660&) bsbk fc qeb afpmbopflk fp qfba ql fkmrqp+ >rqelop ifkhfkd m[v afpmbopflk tfqe rkc[fokbpp [q 

[kv ibsbi lc tloh fkqboabmbkabk_b qvmf_[iiv _fqb bnrfqv qeblov %>a[jp) .630& mofk_fmibp ql [odrb 

qe[q i[odb m[v afccbobkqf[ip vfbia fkbnrfqv mbo_bmqflkp) mpv_elildf_[i afpqobpp) obar_ba 

_llmbo[qflk) afpe[ojlkv) iltbo _ljjfqjbkq) [ka fk_ob[pba qroklsbo %b+d+) >hboilc ! Ubiibk) 

.6558 ?illj) .6668 Cboo[ol bq [i+) /--28 I[wb[o) .6568 Ibsfkb) .66.8 Mcbccbo ! I[kdqlk) .660&+

M[v afpmbopflk) eltbsbo) qbiip rp lkiv qe[q m[v [iil_[qflk fp rkbnr[i) klq qe[q fq fp 

fkbnrfq[]ib+ Ibsbkqe[i %.643& [ka Pqbbop [ka Mloqbo %.650& abp_of]b mXv bnrXhfqv [p bnr[i m[v clo 
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[ii bjmilvbbp %f+b+) ilt m[v afpmbopflk) obd[oaibpp lc m[v bnrfqv& [ka mXv bnrfqv [p m[v 

molmloqflk[qb ql bjmilvbb fkmrqp %f+b+) mlqbkqf[iiv [kv ibsbi lc m[v afpmbopflk) [p ilkd [p m[v fp 

qfba ql molar_qfsfqv*obibs[kq fkmrqp&+ Qefp bnr[ifqv sboprp bnrfqv afccbobk_b) qelrde lcqbk 

lsboillhba) fp _or_f[i7  m[v afpmbopflk fjmifbp m[v fkbnr[ifqv) ABM fjmifbp m[v bnrfqv) [ka lkiv 

ARM fjmifbp m[v fkbnrfqv %pbb Cfdrob .&+ Qeb bnrfqv [ka c[fokbpp ifqbo[qrob _ib[oiv pqfmri[qbp qe[q 

fq fp m[v fkbnrfqv) o[qebo qe[k m[v fkbnr[ifqv) qe[q moljmqp kbd[qfsb bjmilvbb ob[_qflkp %b+d+) 

>j]olpb ! Hrifh) .6668 Abrqp_e) .6528 Ebkbj[k ! Gradb) /---8 Ibsbkqe[i) .643&+ Qebobclob) 

m[v afpmbopflk qe[q fp bumi[fkba ]v fkmrqp obd[oaba [p molar_qfsfqv*obibs[kq pelria ]b mbo_bfsba 

[p bnrfq[]ib [ka pelria klq vfbia _lrkqbomolar_qfsb obpmlkpbp+ Ebk_b) qeb fab[ qe[q ABM %lo bsbk 

lsbo[ii m[v afpmbopflk fc mofj[ofiv ABM& pelria vfbia kbd[qfsb ob[_qflk fp klq) _lkqo[ov ql te[q 

e[p lcqbk ]bbk _lkqbkaba) _lkpfpqbkq tfqe bnrfqv [ka c[fokbpp qeblofbp+

>p ilkd [p fkafsfar[i _lkqof]rqflkp _[k ]b fabkqfcfba) klqefkd fk qeb []lsb [odrjbkq fp 

m[oqf_ri[o ql fkabmbkabkq tloh+ Fk c[_q) fk fkqboabmbkabkq _lkqbuqp tebob fkafsfar[i _lkqof]rqflkp 

[ob fabkqfcf[]ib) fkbnrfqv mbo_bmqflkp [ob jlob ifhbiv tfqelrq m[v afpmbopflk) [p m[v bnr[ifqv) 

[pprjfkd s[of[qflk fk fkmrqp) molar_bp m[v fkbnrfqv+ Fkabba) obpb[o_ebop qe[q cl_rp lk pl_f[i 

il[cfkd) tef_e fp qeb rkabpfoba qbkabk_v clo mblmib ql obar_b bccloq [ka molar_qfsfqv tebk fk 

dolrmp) j[fkq[fk qe[q jlkbv qfba ql fkafsfar[i fkmrqp %Pebmm[oa) .6608 m+ 4-& †_[k pbosb [p 

mltbocri fk_bkqfsbp clo ]be[sflo) _lrkqbofkd qeb obar_qflk fk bccloq qvmf_[iiv buef]fqba ]v 

m[oqf_fm[kqp tel [ob _lj]fkfkd qebfo bccloqp+– Fk qefp tbii*absbilmba ifqbo[qrob) fq fp qeb q[ph 

fkqboabmbkabk_b fqpbic qe[q ib[ap ql jlqfs[qflk ilpp) tefib m[v qfba ql fkafsfar[ip— molar_qfsfqv*

obibs[kq fkmrqp) [ka qeb pr]pbnrbkq ABM) fp [ q[_qf_ ql _lj][q fq+ Qerp) tebk tloh fp 

fkqboabmbkabkq [ka m[v fp qfba ql fkafsfar[i fkmrqp) tb cfka ifqqib _lk_bmqr[i prmmloq clo qeb 

mobaf_qflkp qe[q m[v afpmbopflk tfii ib[a ql mbo_bfsba fkbnrfqv [ka fqp ]be[sflo[i c[iilrq+
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Fk qbojp lc bjmfof_[i prmmloq) mboe[mp ]b_[rpb qeb _lksbkqflk[i tfpalj e[p pl lcqbk 

]bbk mobprjba ql ]b qorb) lkiv clro Q[]ib . pqrafbp %?illj) .6668 Bofhpplk) .6668 J[fk bq [i+) 

.6608 Pe[t bq [i+) /--/& bumif_fqiv obmloqba qbpqfkd tebqebo tloh fkqboabmbkabk_b tlria obpriq 

fk kbd[qfsb m[v afpmbopflk bccb_qp lk mbocloj[k_b lo tlria jfqfd[qb [kv lqebotfpb c[slo[]ib m[v 

afpmbopflk bccb_qp+ Lc qebpb) lkiv ?illj %.666& obmloqba _ib[o prmmloq %i[qbo tb [odrb qe[q qefp 

pqrav fkslisbp kbfqebo fkqboabmbkabkq tloh klo ABM&+ Kbd[qfsb m[v afpmbopflk bccb_qp [ob 

obmloqba fk [ krj]bo lc pqrafbp fk tef_e tloh fkqboabmbkabk_b fp klq [aaobppba) eltbsbo) [ka fq 

fp ifhbiv qe[q qebpb e[sb crbiba qeb mlmri[o _lk_bmqflk lc m[v afpmbopflk [p _loolpfsb ql 

qb[jtloh+ >p tb cl_rp lk fk qeb kbuq pb_qflk) qelrde) jlpq lc qeb bjmfof_[i ifqbo[qrob _fqba fk 

prmmloq lc abqofjbkq[i m[v afpmbopflk bccb_qp) obd[oaibpp lc tloh fkqboabmbkabk_b) [mmb[op ql ]b 

jlabifkd ARM o[qebo qe[k ABM+ ARM) ]v abcfkfqflk) e[p klkb lc qeb ploqfkd [as[kq[dbp lc ABM) 

[ka fp jlob prp_bmqf]ib ql qeb fkbnrfqv*][pba mol]ibjp pl lcqbk _fqba %pbb Cfdrob .&+ 

Fk prj) rkabo lro _lk_bmqr[i jlabi) [ka [p mobaf_qba fk E.) ABM pelria vfbia ploqfkd 

[as[kq[dbp tebk tloh fp fkqboabmbkabkq %lo fkabmbkabkq clo qe[q j[qqbo&) [p i[odbo m[v 

afccbobkqf[ip ][pba lk molar_qfsfqv*obibs[kq fkmrqp c[_fifq[qb qlm q[ibkq [qqo[_qflk [ka obqbkqflk+ >p 

fp lcqbk pqfmri[qba %b+d+) ?[ok[oa) .6058 ?b_hbo ! Dboe[oq) .6638 Mcbccbo) .661&) [ka [p e[p ]bbk 

bjmfof_[iiv abjlkpqo[qba %b+d+) Milve[oq bq [i+) /--6&) bke[k_ba erj[k _[mfq[i obpriqp fk dob[qbo 

[ddobd[qb*ibsbi molar_qfsfqv+ Qerp) ql qeb abdobb qe[q ABM ploqp efdebo [ddobd[qb erj[k _[mfq[i

ql qeb qb[j) qeb bccb_q lk mbocloj[k_b pelria ]b mlpfqfsb+ Croqebojlob) ABM) ]v abcfkfqflk)

bkq[fip m[v fkbnr[ifqv ]rq klq qeb m[v fkbnrfqv qe[q c[fokbpp qeblofbp fabkqfcv [p mol]ibj[qf_+

Cfk[iiv) qeb pl_f[i il[cfkd ifqbo[qrob %b+d+) Pebmm[oa) .660& pqfmri[qbp qe[q qebob fp fk_bkqfsb s[irb 

colj m[v qfba ql fkmrqp fk fkqboabmbkabkq tloh+ @lkpbnrbkqiv) tb al klq pbb ABM fk qeb mobpbk_b 

lc tloh fkqboabmbkabk_b [p ifhbiv ql dbkbo[qb qeb _lkpfabo[]ib fkbnrfqv mbo_bmqflkp [ka bccloq 



.-

obar_qflk kb_bpp[ov ql lsbotebij ABM—p ploqfkd ]bkbcfqp+ Ql [aaobpp qefp) tb molsfab qeb cfopq 

bjmfof_[i qbpq lc qeb bkqfob m[v afpmbopflkàfkmrqpàdolrm molar_qfsfqv _[rp[i _e[fk+

Tb cfopq fpli[qb ABM [ka ARM jb[probp) qebk qbpq clo [ ABM bccb_q [ka clo afccbobk_bp 

]bqtbbk ABM [ka ARM bccb_qp+ Pb_lka %pbb Cfdrob .&) tb qbpq tebqebo qeb m[v afpmbopflk qe[q fp 

rpba ql pb_rob %fp jbaf[qba ]v& bjmilvbb fkmrqp %f+b+) qeb ploqfkd bccb_q& tfii e[sb [ mlpfqfsb 

bccb_q lk mbocloj[k_b+ Qefp fkafob_q bccb_q) ]v abcfkfqflk) fp [ ABM bccb_q+ Tb qebk _ljm[ob qeb 

fkafob_q %ABM& bccb_q lc qeb m[v afpmbopflk rpba ql pb_rob fkmrqp tfqe qeb afob_q %ARM& bccb_q lc 

qeb m[v afpmbopflk qe[q fp fkabmbkabkq lc fkmrqp8 qerp) tb afccbobkqf[qb qeb m[v afpmbopflk qe[q 

pelria c[_fifq[qb qb[j mbocloj[k_b %ABM& colj qeb m[v afpmbopflk ibpp [mq ql al pl %ARM&+ 

E/[7  M[v afpmbopflk bumi[fkba ]v molar_qfsfqv*obibs[kq bjmilvbb fkmrqp %ABM& tfii ]b 

mlpfqfsbiv obi[qba ql qb[j mbocloj[k_b8 qefp mlpfqfsb bccb_q tfii ]b jlob c[slo[]ib qe[k 

qeb bccb_q lc m[v afpmbopflk qe[q fp kbq lc fkmrqp %f+b+) ARM&+

E/]7  Molar_qfsfqv*obibs[kq bjmilvbb fkmrqp tfii jbaf[qb lsbo[ii m[v afpmbopflk—p 

obi[qflkpefm tfqe qb[j mbocloj[k_b) obpriqfkd fk [ mlpfqfsb fkafob_q) ploqfkd bccb_q %f+b+) [ 

mlpfqfsb ABM bccb_q&8 qefp ploqfkd %ABM& bccb_q tfii ]b jlob c[slo[]iv obi[qba ql qb[j 

mbocloj[k_b qe[k tfii ]b qeb afob_q %ARM& bccb_q+

Jlabhfkd' qeb Ilpp lc ABM' Wka qeb Bibodbk_b lc ARM

Dfsbk lro [odrjbkqp qe[q ABM pelria mlpfqfsbiv [ccb_q lod[kfw[qflk[i mbocloj[k_b fk 

fkqboabmbkabkq tloh pbqqfkdp) tev al pqrafbp lcqbk obmloq kbd[qfsb lsbo[ii m[v afpmbopflk 

bccb_qp< Lkb ob[plk j[v ]b qe[q lod[kfw[qflkp [_qr[iiv al [q qfjbp c[fi ql [abnr[qbiv qfb m[v ql 

molar_qfsfqv*obibs[kq fkmrqp pr_e [p mbocloj[k_b %b+d+) H[ek ! Pebobo) .66-8 Ebkbj[k ! 

Tbokbo) /--28 P_et[] ! Liplk) .66-&) tef_e kbd[qbp ploqfkd ]bkbcfqp [ka j[hbp jlob ifhbiv 

qeb lcqbk*_fqba) fkbnrfqv*aofsbk mol]ibjp+ Tb [odrb qe[q [ pb_lka ob[plk clo kbd[qfsb m[v 



..

afpmbopflk bccb_qp) [q [ii ibsbip lc tloh fkqboabmbkabk_b) fp [ jbqelalildf_[i [oqfc[_q) fk qe[q 

ARM) tef_e e[p klkb lc ABM—p ploqfkd ]bkbcfqp) fp pljbqfjbp fk[asboqbkqiv jlabiba fk qefp 

obpb[o_e+ Lro _lk_bok fp qe[q) rkibpp bumif_fqiv pqravfkd ARM %b+d+) [p fk @lteboa ! Ibsfkb—p 

.66/ pqrav&) obpb[o_ebop j[v jfpq[hbkiv [qqof]rqb ARM bccb_qp ql qlq[i m[v afpmbopflk lo) tlopb 

vbq) ql ABM) qebob]v mbombqr[qfkd qeb ]bifbc qe[q m[v afpmbopflk fp fkebobkqiv abqofjbkq[i+

Pmb_fcf_[iiv) tb _lkqbka qe[q) sf[ ab_fpflkp []lrq te[q _ls[of[qbp ql fk_irab fk obdobppflk 

jlabip) [rqelop e[sb [q qfjbp i[odbiv m[oqf[iiba lrq qeb ABM colj qlq[i m[v afpmbopflk) qerp 

fk_ob[pfkdiv ib[sfkd lkiv ARM %f+b+) E/]—p [ka Cfdrob .—p afob_q bccb_q lc afpmbopflk qe[q fp 

fkabmbkabkq lc fkmrqp [ka klq bumb_qba ql e[sb mlpfqfsb bccb_qp&+ Clo bu[jmib) m[v ibsbi pqo[qbdv 

%jb[k m[v& [mmb[op [p [ _lkqoli s[of[]ib fk pbsbo[i [k[ivpbp lc m[v afpmbopflk bccb_qp %pbb Q[]ib 

.&+ Lkb [odrjbkq clo fk_irafkd fq fp ql [__lrkq clo [ efde t[db bccb_q qe[q tlria j[kfcbpq fk 

q[ibkq [as[kq[dbp ql lod[kfw[qflkp qe[q m[fa jlob %b+d+) ?illj) .666&+ Qefp o[qflk[ib) eltbsbo) fp 

mob_fpbiv tev lro bjme[pfp lk m[v qfba ql molar_qfsfqv*obibs[kq fkmrqp kb_bppfq[qbp [ afccbobkq 

jlabifkd [mmol[_e+ @lkqoliifkd clo jb[k m[v ibsbi †m[o_bip lrq qeb mlpfqfsb bccb_qp lc m[v 

afpmbopflk7  [qqo[_qflk [ka obqbkqflk lc pq[o mi[vbop tel [ob m[fa [ dob[q ab[i) qerp obpriqfkd fk 

]bqqbo qb[j mbocloj[k_b) efdebo qb[j m[v) [ka dob[qbo afpmbopflk– %Dboe[oq ! Ovkbp) /--0) m+ 

.5/&+ Fk [ pb_lka [odrjbkq) E[oofplk [ka Hibfk %/--4& _lkqbka qe[q obpb[o_ebop pelria _lkqoli 

clo qeb tfqefk*dolrm jb[k ]b_[rpb fq j[v ]b _lkclrkaba tfqe qeb afpm[ofqv jb[prob+ Fk [ m[v*

pbqqfkd _lkqbuq) eltbsbo) pr_e _lkclrkafkd fp bu[_qiv tev tb bu[jfkb m[v afpmbopflk bccb_qp 

]lqe tfqe [ka tfqelrq qeb jb[k _lkqoliiba+  ?b_[rpb m[vfkd clo q[ibkq vfbiap ]lqe efde jb[k m[v 

[ka efde m[v afpmbopflk %Dboe[oq ! Ovkbp) /--0&) tb cl_rp lk afpqfkdrfpefkd qeb afpmbopflk qe[q 

_ls[ofbp tfqe efde q[ibkq [ka jb[k m[v %f+b+) ABM& colj qeb afpmbopflk qe[q albp klq %f+b+) ARM&+  

Fpli[qfkd qeb abdobb lc qefp _ls[of[qflk) lo †_lkclrka)– fp _bkqo[i ql lro _lkqof]rqflk+  



./

Pfjfi[oiv) m[oqf[iifkd lrq [ m[v*clo*mbocloj[k_b pqo[qbdv jb[prob ofphp m[opfkd lrq ABM

[ka fk_ob[pfkdiv ib[sfkd ARM [p qeb afpmbopflk jlabiba+  Abpmfqb qebfo fkpfdeqcri afp_rppflk 

obd[oafkd c[fo ][pbp clo m[v afpmbopflk) Mcbccbo [ka I[kdqlk %.660& m[oqf[iiba lrq qeb tfqefk*

abm[oqjbkq _loobi[qflk ]bqtbbk bjmilvbb m[v [ka molar_qfsfqv %tef_e _loobi[qba tfqe m[v 

afpmbopflk [q +0.& tebk mobaf_qfkd c[_riqv molar_qfsfqv+ Qerp) qebv [_qr[iiv jlabiba lkiv qeb m[v 

afpmbopflk qe[q t[p rkobi[qba ql qeb m[v qfba ql gl] mbocloj[k_b fkmrqp) ifhbiv i[odbiv _[mqrofkd

ARM bccb_qp+ Jloblsbo) qeb m[v*molar_qfsfqv _loobi[qflk t[p mlpfqfsbhv obi[qba ql molar_qfsfqv fk 

qeb Mcbccbo [ka I[kdqlk a[q[ %Dboe[oq ! Ovkbp) /--0&) prddbpqfkd qe[q) fk _lkqo[pq ql qeb 

abqofjbkq[i m[v afpmbopflk bccb_q obmloqba ]v qeb pqrav—p [rqelop) _lkafqflkp tbob mobpbkq qe[q 

tlria j[hb [ mlpfqfsb ABM bccb_q ifhbiv+

>p tfqe m[oqf[iifkd lrq m[v pqo[qbdfbp qe[q vfbia molar_qfsfqv*obibs[kq fkmrqp) _lkqoliifkd 

clo molar_qfsfqv*obibs[kq fkmrqp qebjpbisbp [ipl _[k vfbia qeb jlabifkd lc ARM [ka m[v 

afpmbopflk bccb_qp qe[q al klq obcib_q afpmbopflk—p ploqfkd ]bkbcfqp+ ?illj %.666&) clo bu[jmib) fk 

[k[ivpbp ib[afkd ql qeb obmloqfkd qe[q m[v afpmbopflk efkaboba mbocloj[k_b fk fkqboabmbkabkq 

tloh) m[oqf[iiba lrq [ jb[prob lc ][pb][ii qb[j q[ibkq+ Pfjfi[o m[oqf[iifkd lc molar_qfsfqv*obibs[kq 

fkmrqp l__rop fk pbsbo[i lqebo pqrafbp obmloqfkd kbd[qfsb m[v afpmbopflk bccb_qp %b+d+) Co[kh ! 

Krbp_e) cloqe_ljfkd8 Gbtbii ! Jlifk[) /--18 Iblk[oa) .66-8 Pfbdbi ! E[j]of_h) /--2&+ Pr_e 

[k [mmol[_e) eltbsbo) pbosbp ql m[o_bi lrq qeb mlpfqfsb ploqfkd bccb_qp lc m[v afpmbopflk %Dboe[oq 

! Ovkbp) /--0&) ifhbiv ib[sfkd ARM [p qeb m[v afpmbopflk jlabiba fk qeb obdobppflk [k[ivpfp+

>p [k fkcloj[i bumilo[qflk lc lro ]bifbc qe[q qebpb jlabifkd fpprbp e[sb iba ql _lkcrpflk 

fk qeb cfbia) tb [mmifba lro ABM,ARM ildf_ ql qeb buq[kq tloh fk Q[]ib .+ Qerp) qeb q[]ib 

fk_irabp lro gradjbkq lc tebqebo ABM lo ARM t[p qeb mofj[ov qvmb lc m[v afpmbopflk jlabiba 

fk b[_e pqrav %pbb qeb q[]ib klqb clo lro ab_fpflk oribp&+ Qebpb gradjbkqp clrka qe[q) tefib qeobb 
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pqrafbp vfbiaba obpriqp _lrkqbo ql lro co[jbtloh [ka qeobb tbob [j]fdrlrp) .4 pqrafbp prmmloqba 

lro mlpfqflkp7  fk dbkbo[i) ABM vfbiap mlpfqfsb bccb_qp) ARM vfbiap wbol lo kbd[qfsb bccb_qp) [ka 

m[oqf[iifkd lrq m[v pqo[qbdfbp [ka qeb molar_qfsfqv*obibs[kq bjmilvbb fkmrqp qebv molar_b ib[sbp 

ibpp ABM) jlob ARM) [ka iltbo ifhbifella lc l]pbosfkd qeb ploqfkd ]bkbcfqp qe[q plrka m[v 

mlif_v _[k molsfab+ Qerp) tb _lkqbka qe[q) fk Ylqe fkabmbkabkq Xka fkqboabmbkabkq tlog) qeb m[v 

afpmbopflk bccb_qp obmloqba lcqbk pqolkdiv abmbka lk elt m[v afpmbopflk fp jlabiba+

E07  Fk [k fkqboabmbkabkq tloh pbqqfkd) _lkqoliifkd clo m[v ibsbi pqo[qbdv) m[v*clo*

mbocloj[k_b pqo[qbdv) [ka molar_qfsfqv*obibs[kq bjmilvbb fkmrqp tfii m[oqf[i lrq 

mlpfqfsb bccb_qp lc m[v afpmbopflk lk qb[j mbocloj[k_b) obpriqfkd fk [ kbdifdf]ib lo 

kbd[qfsb m[v afpmbopflk bccb_q+

MWv Afpmbopflk Wka 9rosfhfkbWofqv

>iqelrde tb e[sb qerp c[o _e[iibkdba qeb fkbnrfqv*][pba _ofqfnrb lc m[v afpmbopflk [ka 

moljlqba [ jlob c[slo[]ib ploqfkd*][pba _e[o[_qbofw[qflk lc ABM) tb [ipl [_hkltibadb qe[q [ 

jlob kr[k_ba [mmol[_e ql ABM j[v ]b kb_bpp[ov+ ?oltk bq [i+ %/--0&) clo bu[jmib) tefib 

ob_ldkfwfkd qeb s[irb lc ifkhfkd m[v ql fkmrqp) pqfii qeblofwba lk fkbnrfqv dolrkap qe[q m[v qe[q 

fp qll tfabiv afpmbopba j[v ]b abqofjbkq[i+ >q pljb mlfkq) bsbk m[v afccbobk_bp _ib[oiv 

bumi[fkba ]v fkmrqp jfdeq ]b pbbk [p qll i[odb) [ka qerp fkbnrfq[]ib+ Fkabba) lod[kfw[qflkp

[qqbjmq ql bkprob qe[q mbocloj[k_b*][pba m[v afccbobk_bp ]bqtbbk fkafsfar[ip [ob klq 

afpmolmloqflk[qb ql [_qr[i mbocloj[k_b afccbobk_bp %Jfihlsf_e ! Kbtj[k) /--5&+ Tfqe pr_e 

afpmolmloqflk) m[v afpmbopflk j[v pqfii ]b †bumi[fkba)– ]rq qeb bumi[k[qflk j[v ]b abbjba 

fk[abnr[qb) [ka qeb m[v fkbnrfq[]ib) dfsbk qeb buqobjb afccbobkqf[ip+ Qerp) fkafsfar[i fk_bkqfsb 

bccb_qp fk dolrmp) pr_e [p qelpb fabkqfcfba fk qeb pl_f[i il[cfkd ifqbo[qrob %b+d+) Pebmm[oa) .660&) 

_lria ]b qbjmboba ]v fkbnrfqv _lk_bokp tebk qeb pr]pbnrbkq m[v afccbobkqf[ip %f+b+) ABM& [ob 
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sbov i[odb+ Jloblsbo) [kv pr_e fkbnrfqv mbo_bmqflkp aofsbk ]v buqobjb ABM j[v _lkpqo[fk qeb 

ploqfkd [as[kq[dbp ABM tlria kloj[iiv molsfab) [p rkabo*obt[oa fkbnrfqv mbo_bmqflkp _[k 

ib[a ql slirkq[ov qroklsbo %Dboe[oq ! Ovkbp) /--08 Ebkbj[k ! Gradb) /---&+

Qebob fp [k [aafqflk[i ][pfp clo bumb_qfkd afjfkfpefkd ploqfkd obqrokp ql ABM+ Qebob [ob 

lcqbk fkebobkq ifjfq[qflkp fk [k lod[kfw[qflk—p absbilmjbkq lc _boq[fk _[m[]fifqfbp) pr_e [p qeb 

_[m[_fqv ql rqfifwb obplro_bp %Ebic[q ! Mbqbo[c) /--0&+ Qe[q fp) [p q[ibkq obplro_bp %fkmrqp& dolt 

]bvlka [ _boq[fk mlfkq) qeb lod[kfw[qflk j[v ]b_ljb ibpp bccb_qfsb [q j[k[dfkd qebj) qerp 

_lkpqo[fkfkd qeb ibsbo[dfkd lc ABM*aofsbk q[ibkq fkql mbocloj[k_b+ Clo fkpq[k_b) tloh qb[jp 

j[v mbo_bfsb pljb ibsbi lc [ _[m[]fifqv pr_e [p j[k[dfkd q[ibkq [p p[qfpc[_qlov [ka obco[fk 

colj absbilmfkd qeb _[m[]fifqv croqebo %Tfkqbo) /---&+ ?[pba lk qefp _[m[]fifqv [odrjbkq) 

Milve[oq bq [i+ %/--6& evmlqebpfwba [ka clrka qe[q qeb mlpfqfsb bccb_q lc p[ibp clo_b erj[k 

_[mfq[i lk pqlob mbocloj[k_b afjfkfpeba [q efdebo erj[k _[mfq[i ibsbip+ Pfjfi[oiv) ?[oov [ka 

Pqbt[oq %.664& clrka [ _rosfifkb[o bccb_q lc qeb mboplk[ifqv afjbkpflk buqo[sbopflk lk dolrm 

mbocloj[k_b) mboe[mp fkaf_[qfkd †qll jr_e lc [ dlla qefkd– %Dboe[oq ! Ovkbp) /--0&+ Ebk_b) 

abpmfqb ABM—p ploqfkd [as[kq[dbp) qeb bke[k_ba fkmrqp qe[q dob[qbo ABM vfbiap j[v klq ]b 

[__ljm[kfba ]v molmloqflk[qb fk_ob[pbp fk j[k[dfkd qelpb fkmrqp [ka) pr]pbnrbkqiv) fk qb[j

mbocloj[k_b+ Qefp mlqbkqf[i) _lrmiba tfqe qeb fkbnrfqv*][pba [odrjbkq clo afjfkfpefkd obqrokp 

ql ABM) prddbpqp qeb cliiltfkd klkifkb[o obi[qflkpefm+

E17  Qeb mlpfqfsb bccb_q lc ABM lk qb[j mbocloj[k_b tfii ]b [qqbkr[qba [q efde 

ibsbip lc ABM+

JBPELAO

Ql qbpq lro evmlqebpbp) tb pqrav K[qflk[i El_hbv Ib[drb %KEI& qb[jp) [ mlmri[qflk fk 

tef_e a[q[ lk m[v [ka ob[afiv l]pbos[]ib mbocloj[k_b [ob [s[fi[]ib [q ]lqe fkafsfar[i [ka 
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lod[kfw[qflk[i ibsbip) [ka fk tef_e qebob fp _lkpfabo[]ib mi[vbo jlsbjbkq [_olpp qb[jp+  >ipl) 

qb[j mbocloj[k_b fk el_hbv abmbkap lk pqolkd tloh fkqboabmbkabk_fbp %?b[r_[jm ! ?o[v) 

/--.8 Clpqbo ! T[pefkdqlk) /--68 Cobv bq [i+) .6538 Dboe[oq ! Ovkbp) /--0&) tef_e fp obdri[oiv 

_fqba [p qeb _lkqbuq fk tef_e m[v afpmbopflk tfii ]b m[oqf_ri[oiv afpormqfsb %b+d+) >hboilc ! 

Ubiibk) .6558 ?illj) .6668 Ibsfkb) .66.8 Mcbccbo ! I[kdqlk) .6608 Mcbccbo) .661&+   

AWqW

Qeb fkafsfar[i mi[vbo [ka qb[j mbocloj[k_b a[q[ rpba clo qefp pqrav [ob colj qeb lccf_f[i 

ob_loap lc qeb KEI+  Tb [_nrfoba qebpb ob_loap colj qeb tb]pfqbp el_hbva]+_lj [ka 

el_hbvwlkbmirp+_lj) [p tbii [p [kkr[i bafqflkp lc qeb KEI—p Lccf_f[i Drfab ! Ob_loa ?llh 

%b+d+) K[qflk[i El_hbv Ib[drb) /--/&+  Qeb a[q[pbq rpba clo qeb qb[j*ibsbi [k[ivpbp _lkpfpqp lc 

m[v [ka mbocloj[k_b a[q[ clo b[_e qb[j fk qeb KEI arofkd b[_e lc qeb pb[plkp bkafkd fk .665 

qeolrde /--1+  Qerp) qeb a[q[pbq _lkpfpqba lc /-. qlq[i qb[j*vb[op) [p qeb ib[drb elrpba /3 qb[jp 

fk .665 [ka bum[kaba ql /4 qb[jp fk .666) /5 qb[jp fk /---) [ka 0- qb[jp fk /--.*/--1+ Qeb 

rp[]ib p[jmib clo lro qb[j*ibsbi [k[ivpbp aolmmba ql .42) [p tb rpba vb[o q , jb[probp lc 

molar_qfsfqv*obibs[kq bjmilvbb fkmrqp tebk mobaf_qfkd vb[o q qb[j mbocloj[k_b+

Lro qb[j*vb[o jb[probp tbob ]rfiq colj [k fkfqf[i a[q[pbq lc 1)132 mi[vbo*vb[o 

l]pbos[qflkp) tef_e fk_iraba [kkr[i mbocloj[k_b [ka p[i[ov pq[qfpqf_p clo b[_e fkafsfar[i klk*

dl[ifb mi[vbo qe[q mi[vba fk qeb ib[drb arofkd lro pqrav mbofla+  Tb cl_rpba lk klk*dl[ifbp 

]b_[rpb mbocloj[k_b _ofqbof[ %[ka qerp m[v*clo*mbocloj[k_b pqo[qbdfbp& [ob afpqfk_qiv afccbobkq clo 

dl[ifbp8 jloblsbo) qeb pj[ii krj]bo lc dl[ifbp mbo qb[j %qtl lo qeobb& mob_irabp obif[]ib 

jb[probp lc tfqefk*qb[j m[v afpmbopflk clo qe[q dolrm lc mi[vbop+  >ipl) ql bke[k_b obif[]fifqv fk 

lro molar_qfsfqv*obibs[kq jb[probp) tb ifjfqba fk_irpflk fk qeb a[q[][pb ql fkafsfar[i mi[vbop 

tel [mmb[oba fk [q ib[pq /- lc qebfo qb[j—p 5/ d[jbp fk [kv dfsbk pb[plk+
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Abmbkabkq SWofWYhb

PbWi mbocloiWk_b+  Lro cfopq lk*f_b jb[prob) mlfkqp) fp _[i_ri[qba ]v qeb KEI ]v 

prjjfkd qtl mlfkqp clo b[_e obdri[o pb[plk tfk) lkb mlfkq clo b[_e qfb) [ka lkb mlfkq clo b[_e 

lsboqfjb ilpp %qefp _ljmlkbkq t[p [aaba ]v qeb KEI qtl vb[op fkql lro pqrav tfkalt&+ Mlfkqp 

abqbojfkb mlpfqflk fk qeb pq[kafkdp arofkd qeb obdri[o pb[plk lc mi[v) tef_e qb[jp j[hb qeb 

mi[vlccp) [ka elt qelpb qb[jp tfii ]b pbbaba fk qeb mi[vlccp+ ?b_[rpb qeb riqfj[qb lk*f_b dl[i lc 

KEI qb[jp fp ql tfk qeb Pq[kibv @rm _e[jmflkpefm) eltbsbo) lro pb_lka lk*f_b jb[prob) 

olrka) fp b[_e qb[j—p cfk[i mlpfqflk fk qeb mi[vlcc qlrok[jbkq ]o[_hbq+ B[_e vb[o .3 qb[jp j[hb 

qeb mi[vlccp) tfqe qb[jp [as[k_fkd ql pr]pbnrbkq olrkap lkiv ]v tfkkfkd [ ]bpq*lc*pbsbk pbofbp 

lc d[jbp+  Olrka q[hbp lk qeb cliiltfkd s[irbp clo b[_e vb[o7  - %[ii klk*mi[vlcc qb[jp&8 . %5 

qb[jp qe[q ilpq fk qeb cfopq olrka&8 / %1 qb[jp qe[q ilpq fk qeb pb_lka olrka&8 0 %/ qb[jp qe[q ilpq fk 

qeb qefoa olrka&8 1 %. qb[j qe[q ilpq fk qeb clroqe olrka&8 [ka 2 %. _e[jmflkpefm qb[j&+ ?b_[rpb 

mi[vlcc fkgrofbp) lmmlkbkq j[q_e*rmp) [ka obar_ba s[of[k_b fk qeb jb[prob prddbpq qe[q olrka 

tfii ]b ibpp obif[]iv mobaf_qba qe[k mlfkqp) tb bumb_qba qe[q qeb prmmloq clo lro evmlqebpbp jfdeq 

]b tb[hbo tebk mobaf_qfkd olrka+ Tb obpqof_q lro [k[ivpfp ql qeb mobaf_qflk lc lk*f_b 

mbocloj[k_b ]b_[rpb qeb ifkh[db ]bqtbbk m[v pqo[qbdfbp [ka qb[j lcc*f_b mbocloj[k_b %b+d+) 

molcfq[]fifqv& fp pfdkfcf_[kqiv jlob afpq[i [ka qbkrlrp+  

Fkabmbkabkq SWofWYhbp

?b_[rpb bjmfof_[iiv fpli[qfkd ABM [ka ARM fp _e[iibkdfkd) tb q[hb qeobb [mmol[_ebp 

%m[oqf[iifkd) jbaf[qflk) [ka mobaf_qba s[irbp,obpfar[ip& [ka [ppbpp tebqebo lro cfkafkdp [ob 

ol]rpq ql qb_ekfnrb _elf_b+ Tb prjj[ofwb lro [mmol[_e ql qeb hbv mobaf_qlop fk Q[]ib /+ 

Fkmrqp+  Gl] mbocloj[k_b fp qeb _i[ppf_ bjmilvbb fkmrq colj [ obt[oap mbopmb_qfsb 

%Pqbbop ! Mloqbo) .650&) [ka fp qeb ][pfp clo lro ploqfkd [odrjbkqp clo m[v afpmbopflk bccb_qp lk 
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qb[j mbocloj[k_b+ ?[pba lk [ jb[prob lc fkafsfar[i mi[vbo s[irb lccf_f[iiv [mmolsba ]v qeb 

K[qflk[i El_hbv Ib[drb Mi[vbop— >ppl_f[qflk %KEIM>& clo rpb fk c[kq[pv el_hbv ib[drb mi[v)

lro fkmrqp jb[prob obmobpbkqp qeb mbocloj[k_b [pmb_q lc qeb molar_qfsfqv*obibs[kq bjmilvbb 

fkmrqp abmf_qba fk Cfdrob .+ Qeb p[k_qflkba jb[prob fp qeb prj lc pbsbk lk*f_b mbocloj[k_b 

_ljmlkbkqp7 dl[ip) [ppfpqp) mirp,jfkrp %qeb afccbobkqf[i ]bqtbbk dl[ip p_loba [ka [iiltba tebk 

qeb fkafsfar[i fp lk qeb f_b [ka qeb qb[j p_lofkd fp klq lk [ mltbo mi[v&) mltbo mi[v [ka 

peloqe[kaba dl[ip [ka [ppfpqp %tb rpb dl[ip ebob) [p mltbo mi[v [ka peloqe[kaba [ppfpq a[q[ tbob 

rk[s[fi[]ib clo [ii vb[op8 lro [jbkaba clojri[ molar_ba p_lobp qe[q _loobi[qba tfqe qeb lccf_f[i 

jb[prob—p p_lobp [q +661 fk /--/*/--1&) mbk[iqv jfkrqbp) pelqp lk dl[i) [ka abcbkpfsb dl[ip [ka 

[ppfpqp %BPMK) /--4&+  B[_e _ljmlkbkq t[p pq[ka[oafwba %tfqefk*vb[o& moflo ql qeb [aafqflk lc 

qeb _ljmlkbkqp+ Ql [__lrkq clo fkgrov [ka lqebo plro_bp lc rkobif[]fifqv [jlkd fkmrqp) tb rpba [ 

qtl*vb[o [sbo[db %colj vb[op q , [ka q -& tebk qeb a[q[ tbob [s[fi[]ib+ Tb rpba qeb tfqefk*

qb[j*vb[o jb[k lc fkafsfar[i fkmrqp ql _ob[qb qb[j*vb[o fkmrqp %f+b+) qeb qb[j*vb[o ibsbi lc 

molar_qfsfqv*obibs[kq bjmilvbb fkmrqp&+ Fkmrqp _loobi[qba tfqe o[t p[i[ov [q +36 [q qeb fkafsfar[i 

ibsbi [ka +46 [q qeb qb[j*vb[o ibsbi+ Ub[o q , fkmrqp [ob rpba ql mobaf_q vb[o q mbocloj[k_b+

MWv sWofWk_b+  Tb rpb mXv sXofXk_b tfqefk b[_e qb[j*vb[o l]pbos[qflk ql lmbo[qflk[ifwb 

m[v afpmbopflk+  Rkifhb pljb mobsflrpiv rpba afpmbopflk jb[probp) s[of[k_b albp klq bumif_fqiv 

c[_qlo lrq qeb jb[k [ka fp qerp _lkpfpqbkq tfqe lro bjme[pfp lk [slfafkd qeb m[oqf[iifkd lc jb[k 

m[v bccb_qp %[p klqba fk qeb Afp_rppflk pb_qflk) [iqbok[qfsb afpmbopflk jb[probp vfbiaba obpriqp 

efdeiv pfjfi[o ql qelpb clrka tfqe qeb s[of[k_b lmbo[qflk[ifw[qflk&+ 

Afpmbopflk fk bumhWfkba mWv !ABM&+  Ql bpqfj[qb ABM [ka ARM) tb rpba [k fkafsfar[i*

ibsbi) ib[drb*tfab obdobppflk lc ilddba %arb ql buqobjb mlpfqfsb phbt& @MF*[agrpqba m[v lk 

fkafsfar[i*ibsbi mbocloj[k_b fkmrqp+ Qeb obdobppflk bnr[qflk rpba t[p7
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Rfq : Efq ,1 ( Pfq2 ( bfq) %.&

tebob R : [ sb_qlo lc @MF*[agrpqba [ka ilddba m[v ibsbi l]pbos[qflkp clo mi[vbo f fk vb[o q) 1 [ka 

2 : obdobppflk _lbccf_fbkq sb_qlop) P : [ j[qofu lc arjjv s[of[]ibp obmobpbkqfkd vb[op) b : [k 

boolo qboj obcib_qfkd qeb obpfar[i clo mi[vbo f fk vb[o q) [ka E : [ j[qofu lc s[irbp colj qeb 

fkafsfar[i*ibsbi fkmrqp jb[prob [ka fqp pnr[ob colj vb[o q ,+

Qeb O clo qefp bnr[qflk t[p +4/ [ka qeb O/ t[p +2/) fkaf_[qfkd qe[q grpq lsbo e[ic lc qeb 

fkafsfar[i m[v ibsbi fk qeb mlmri[qflk t[p [ crk_qflk lc qeb l]pbos[]ib mbocloj[k_b a[q[ 

_[mqroba fk qeb fkafsfar[i*ibsbi fkmrqp jb[prob+ B[_e mi[vbo—p mobaf_qba s[irb lc m[v ibsbi %f+b+) 

xfq& colj qefp ib[drb*tfab obdobppflk obmobpbkqp qebfo bumb_qba m[v) dfsbk elt qeb bkqfob j[ohbq 

obt[oap qeb l]pbos[]ib fkmrqp fk qeb bnr[qflk+  Qerp) tfqefk*qb[j s[of[qflk fk qebpb mobaf_qba m[v 

s[irbp fp s[of[qflk fk m[v qe[q _[k ]b bumi[fkba ]v l]pbos[]ib molar_qfsfqv*obibs[kq a[q[+  

@lkpbnrbkqiv) lro jb[prob lc =AEUmobaf_qba fp pfjmiv qeb s[of[k_b lc qeb mobaf_qba s[irbp lc 

fkafsfar[i m[v ibsbi clo [ii mi[vbop lk qeb qb[j*vb[o l]pbos[qflk %f+b+) “/
xfq&+

Afpmbopflk fk rkbumhWfkba mWv !ARM&+  Ql jb[prob ARM) tb [d[fk j[hb rpb lc qeb 

ib[drb*tfab fkafsfar[i*ibsbi obdobppflk abp_of]ba fk bnr[qflk %.&+  B[_e obpfar[i colj qeb 

[k[ivpfp fp qeb fkafsfar[i m[v qe[q fp fkabmbkabkq lc qeb molar_qfsfqv*obibs[kq mi[vbo l]pbos[]ibp+  

Qerp) qeb s[of[k_b lc qebpb obpfar[ip %tfqefk qb[j*vb[o& obmobpbkqp m[v afpmbopflk qe[q fp 

rkbumi[fkba ]v qebpb a[q[+  ?b_[rpb qefp s[of[k_b lc mi[vbo obpfar[ip fp afpmbopflk fk rkbumi[fkba 

m[v) tb obcbo ql qefp jb[prob [p =NEUobpfarXh+ 

ABM Wka ARM coli ilabh pmb_fcf_Wqflk) M[v afpmbopflk rpba ql pb_rob molar_qfsfqv*

obibs[kq bjmilvbb fkmrqp fp) ]v abcfkfqflk) ABM+ @lkpbnrbkqiv) fk jbaf[qflk jlabip tebob tb 

qbpq qeb fkafob_q %ploqfkd& bccb_q lc m[v s[of[k_b qeolrde bjmilvbb fkmrqp) qefp fkafob_q bccb_q fp [ 

ABM bccb_q) tefib qeb obj[fkfkd afob_q bccb_q fp [ ARM bccb_q+ @lkpfpqbkq tfqe lro _ofqfnrb lc qeb 
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jlabifkd lc m[v afpmbopflk fk b[oifbo obpb[o_e) tb [ipl [ppbpp ARM sf[ lro fkabmbkabkq s[of[]ib 

_lj]fk[qflkp fk lro [k[ivpbp+ @lkqoliifkd clo m[v pqo[qbdfbp [ka molar_qfsfqv*obibs[kq bjmilvbb 

fkmrqp ib[sbp ARM [p qeb rkm[oqf[iiba _ljmlkbkq lc m[v s[of[k_b %pbb Q[]ib / [ka Cfdrob .&+

 MWv(clo(mbocloiWk_b pqoWqbdv+ Tb [ipl _loobi[qba) tfqefk b[_e qb[j*vb[o) fkafsfar[i 

fkmrqp colj vb[o q , [ka ilddba fkafsfar[i m[v colj vb[o q ql _ob[qb qeb m[v pqo[qbdv s[of[]ib) 

mXv clo mbocloiXk_b %pbb Mcbccbo [ka I[kdqlk) .660) clo [ pfjfi[o jb[prob lc m[v*clo*

mbocloj[k_b&+ Ilddba p[i[ov t[p rpba fk qebpb qb[j*vb[o _loobi[qflkp ql [__lrkq clo qeb 

bumlkbkqf[iiv fk_ob[pfkd m[v obqrokp [p fkafsfar[i fkmrqp fk_ob[pb+

MWv hbsbh pqoWqbdv+  Jb[k m[v ibsbi fp qeb [sbo[db p[i[ov clo fkafsfar[i mi[vbop tfqefk 

b[_e qb[j*vb[o [ka t[p rpba ql jb[prob m[v ibsbi pqo[qbdv+  ?bclob [sbo[dfkd) tb [agrpqba qeb 

p[i[ofbp clo qeb @lkprjbo Mof_b Fkabu %@MF&) ib[sfkd [ii p[i[ofbp fk .665 alii[op+  

7kWhvpfp

Abmbkabkq sWofWYhb afpqofYrqflkp+ Tefib lro mlfkqp abmbkabkq s[of[]ib fp obi[qfsbiv 

kloj[iiv afpqof]rqba) qeb olrkap abmbkabkq s[of[]ib fp afpqof]rqba [p bsbkq _lrkq a[q[+ Qeb 

@[jbolk [ka Qofsbiaf %.653& obdobppflk*][pba qbpq clo lsboafpmbopflk fkaf_[qba qe[q qeb 

_lkpbos[qfsb kbd[qfsb ]fkljf[i obdobppflk jlabi) o[qebo qe[k Mlfpplk obdobppflk) t[p [mmolmof[qb 

tebk mobaf_qfkd olrka+

Abmbkabkq lYpbosWqflkp) ?b_[rpb tb kbbaba ql [__lrkq clo qeb c[_q qe[q qb[jp [mmb[oba 

fk qeb a[q[ pbq [k [sbo[db lc 2+50 qfjbp) tb rpba o[kalj [ka cfuba bccb_qp jlabip ql obar_b 

_lk_bok qe[q [kv rkjb[proba lod[kfw[qflk*ibsbi s[of[]ib _lria ]b aofsfkd ]lqe qb[j m[v [ka 

qb[j mbocloj[k_b+ O[kalj bccb_qp jlabip molar_b j[qofu*tbfdeqba [sbo[dbp lc qeb ]bqtbbk*

rkfq [ka tfqefk*rkfq bccb_qp) tebob[p cfuba bccb_qp jlabip) ]v abcfkfqflk) m[oqf[i lrq pq[]ib 

]bqtbbk*rkfq afccbobk_bp) ib[sfkd qeb obdobppflk _lbccf_fbkqp [p bpqfj[qbp lc mrobiv tfqefk*rkfq 
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bccb_qp %b+d+) Tlliaofadb) /--/&+ Qerp) lro cfuba bccb_qp [k[ivpbp vfbia tfqefk*qb[j bccb_qp lc 

m[v afpmbopflk) tfqe qeb _lbccf_fbkqp fkaf_[qfkd qeb bumb_qba fk_ob[pb fk [ qb[j—p mbocloj[k_b 

tebk qe[q qb[j fk_ob[pbp m[v afpmbopflk ]v lkb rkfq %f+b+) [ cfuba bccb_qp jlabi fp bppbkqf[iiv 

bnrfs[ibkq ql bpqfj[qfkd [ pbm[o[qb obdobppflk lc qb[j mbocloj[k_b lk m[v afpmbopflk tfqefk b[_e 

qb[j) rpfkd qeb jriqfmib vb[op lc a[q[ [p l]pbos[qflkp) [ka qebk [sbo[dfkd qebpb pbm[o[qb 

obdobppflkp— afpmbopflk bccb_qp ql l]q[fk qeb cfuba bccb_qp bpqfj[qbp&+ 

Lro cfuba bccb_qp %tfqefk*qb[j& [k[ivpbp bslhb) ]rq jrpq ]b fkqbomobqba afccbobkqiv qe[k)

qeb tfqefk*fkafsfar[i [k[ivpbp fk I[wb[o—p %/---& fkcirbkqf[i fkafsfar[i*ibsbi pqrav lc m[v*clo*

mbocloj[k_b—p ploqfkd [ka fk_bkqfsbp bccb_qp lk molar_qfsfqv+ Rkabo qeb [pprjmqflk qe[q []fifqv 

t[p pq[]ib lsbo qfjb) I[wb[o—p [aafkd lc fkafsfar[i*pmb_fcf_ arjjv s[of[]ibp %qeb bnrfs[ibkq lc 

[ cfuba bccb_qp [k[ivpfp& _lkqoliiba lrq pq[]ib ]bqtbbk*fkafsfar[i []fifqv afccbobk_bp8 qefp t[p 

fkqbomobqba [p _lkqoliifkd lrq m[v*clo*mbocloj[k_b—p ploqfkd bccb_qp+ Qeb obj[fkfkd m[v*clo*

mbocloj[k_b bccb_q %f+b+) qeb m[v*clo*mbocloj[k_b _lbccf_fbkq [cqbo _lkqoliifkd lrq []fifqv& t[p 

fkqbomobqba [p qeb fjm[_q lc [ _e[kdb fk lkb—p jlqfs[qflk ]olrdeq lk ]v [ _e[kdb ql efp,ebo m[v*

clo*mbocloj[k_b pq[qrp+ Fk _lkqo[pq) lro [k[ivpfp fp [q qeb qb[j ibsbi) tebob o[qebo qe[k obj[fkfkd 

_lkpq[kq) b[_e qb[j—p †[]fifqv– %f+b+) mi[vbo fkmrqp& _e[kdbp colj vb[o*ql*vb[o %13  lc qeb vb[o q

s[of[qflk fk qb[j fkmrqp t[p ibcq rkbumi[fkba ]v vb[o q*. fkmrqp&+ Qerp) tefib pq[]ib fkafsfar[i 

afccbobk_bp tbob m[oqf[iiba lrq sf[ cfuba bccb_qp fk I[wb[o—p pqrav) pq[]ib qb[j afccbobk_bp) tef_e 

al klq fk_irab qeb _e[kdbp fk qb[j fkmrqp) [ob m[oqf[iiba lrq ebob+ Qe[q fp) tfqefk*qb[j ploqfkd 

bccb_qp [ob klq m[oqf[iiba lrq colj m[v afpmbopflk _lbccf_fbkqp sf[ lro rpb lc cfuba bccb_qp jlabip+ 

>_qr[iiv) fq fp lro jbaf[qflk [k[ivpbp) tebob tb al m[oqf[i lrq qb[j fkmrqp _ljmibqbiv) 

qe[q m[o[iibi I[wb[o—p fkafsfar[i*ibsbi cfuba bccb_qp [mmol[_e+ Fk ]lqe _[pbp qeb []fifqv,fkmrqp 

bccb_q %ploqfkd& fp m[oqf[iiba [ka qeb m[v pqo[qbdv _lbccf_fbkq fp _lkpfabo[]iv obar_ba+ Fk lro pqrav) 



/.

qeb m[v afpmbopflk bccb_q bppbkqf[iiv afp[mmb[op tebk fkmrqp [ob _lkqoliiba) fkaf_[qfkd ploqfkd) 

o[qebo qe[k fk_bkqfsbp) [p obpmlkpf]ib clo mlpfqfsb m[v afpmbopflk bccb_qp lk qb[j mbocloj[k_b+

JbafWqflk sboprp ilaboWqflk) Tb rpb jbaf[qflk ql fpli[qb qeb bccb_qp lc m[v afpmbopflk 

qe[q lmbo[qb bfqebo sf[ fkmrqp %f+b+) ABM bccb_qp& lo fkabmbkabkq lc fkmrqp %f+b+) ARM bccb_qp&+ >

jlabo[qflk [mmol[_e fp ibpp [mmolmof[qb fk qe[q fq qbiip rp []lrq qeb bccb_qp lc lsbo[ii afpmbopflk 

tebk [ jlabo[qlo fp efde lo ilt) mlqbkqf[iiv fkabmbkabkq lc afpmbopflk—p [_qr[i bumi[k[qflkp+ Clo 

bu[jmib) m[v afpmbopflk) bsbk rkabo efde m[v*clo*mbocloj[k_b) _lria pqfii ]b i[odbiv [qqof]rq[]ib 

ql lqebo c[_qlop) [p mbocloj[k_b fp lcqbk ibpp fjmloq[kq qe[k c[_qlop pr_e [p pbkflofqv fk qeb 

mobaf_qflk lc m[v %?fpelm) .6548 Jbalcc ! >]o[e[j) .65-&+

DbkboWqba obdobpplop) Fk pljb jlabip tb rpb obpfar[ip [ka mobaf_qba s[irbp colj [k 

fkafsfar[i*ibsbi m[v ibsbi obdobppflk %pbb bnr[qflk W.Y []lsb& fk lro [qqbjmqp ql fpli[qb ABM [ka 

ARM bccb_qp fk pr]pbnrbkq obdobppflkp+ ?b_[rpb pr_e dbkbo[qba cfopq pq[db qbojp [ob pr]gb_q ql 

boolo tebk bpqfj[qba) pq[ka[oa boolop qbka ql ]b rkabobpqfj[qba fk qeb pb_lka [k[ivpfp %M[d[k) 

.651&+ @lkpbnrbkqiv) ql [__lrkq clo qefp dbkbo[qba obdobpplo ]f[p) clo [ii jlabip fk lro mofj[ov 

[k[ivpbp qe[q fk_irab qeb dbkbo[qba ABMZmobaf_qba [ka ARMZobpfar[i qbojp) tb rpb [ 

]llqpqo[mmfkd qb_ekfnrb ql l]q[fk [mmolmof[qb pq[ka[oa boolop %b+d+) Bcolk ! Qf]pefo[kf) .6608 

Jllkbv) .6638 Pqfkb) .66-&+ Pmb_fcf_[iiv) tb obp[jmiba qeb a[q[ .)--- qfjbp) tfqe obmi[_bjbkq

%]v _olpp*pb_qflkp ql [__lrkq clo qeb m[kbi pqor_qrob&8 fk b[_e lc qeb .)--- ]llqpqo[mmba p[jmibp) 

tb _lkar_qba ]lqe qeb pq[db*lkb [ka pq[db*qtl obdobppflkp+ Tb qebk rpba pq[ka[oa absf[qflkp 

colj qeb pq[db*qtl p[jmifkd afpqof]rqflkp lc obdobppflk _lbccf_fbkqp ql molsfab [mmolmof[qb pq[db*

qtl pq[ka[oa boolop+ Qefp _ljjlkiv rpba jbqela fp [pvjmqlqf_[iiv s[ifa [ka e[p ob_bkqiv ]bbk 

peltk ql mbocloj [__bmq[]iv tebk qeb krj]bo lc _irpqbop %qb[jp fk lro pqrav& [mmol[_ebp 0- 

%@[jbolk) Dbi][_e) ! Jfiibo) /--5&) tef_e fp qeb krj]bo lc qb[jp fk lro a[q[+



//

NBORIPO

Lro co[jbtloh ob_ldkfwbp qe[q lod[kfw[qflkp j[v fjmibjbkq ab_fpflkp lk m[v colj [ 

pqo[qbdf_ mbopmb_qfsb %pl [p ql ]bqqbo [qqo[_q) obq[fk) [ka jlqfs[qb q[ibkqba bjmilvbbp&+ Tb _[k 

ao[t fkcbobk_bp []lrq tebqebo m[v fp fk c[_q fjmibjbkqba pqo[qbdf_[iiv colj qeb pq[]fifqv lc 

_boq[fk m[v mo[_qf_bp lsbo qfjb+ Qe[q fp) obi[qfsbiv pq[]ib m[v mo[_qf_bp lsbo qfjb tlria prddbpq 

qe[q qebpb mo[_qf_bp obcib_q pqo[qbdf_ mlif_v %Dboe[oq ! Jfihlsf_e) .66-8 Jfkqw]bod) .645&) o[qebo 

qe[k o[kalj cir_qr[qflk+ @lkpbnrbkqiv) tb _ljmrqba qeb vb[o*ql*vb[o _loobi[qflkp fk m[v

mo[_qf_b clo pbsbo[i lc lro jb[probp+ Qeb jb[k vb[o*ql*vb[o _loobi[qflkp clo m[v s[of[k_b %+53&) 

m[v ibsbi %+51&) m[v*clo*mbocloj[k_b %+2.&) [ka ABMZmobaf_qba %+36& prmmloq qeb fab[ qe[q 

lod[kfw[qflkp [ob _lkpfpqbkqiv cliiltfkd m[oqf_ri[o mlif_fbp tfqe obd[oa ql m[v*pbqqfkd+ ?b_[rpb 

molar_qfsfqv*obibs[kq bjmilvbb fkmrqp pelria qebk obcib_q te[q tb ]bifbsb ql ]b pqo[qbdf_ 

[mmol[_ebp ql m[v*pbqqfkd) tb pelria [ipl pbb bsfabk_b lc pq[]fifqv fk qefp jb[prob+ Qeb jb[k 

vb[o*ql*vb[o _loobi[qflk clo bjmilvbb fkmrqp t[p +41+

Jb[kp) pq[ka[oa absf[qflkp [ka fkqbo_loobi[qflkp [ob mobpbkqba fk Q[]ib 0+ >iqelrde tb 

pq[ka[oafwba qeb fkabmbkabkq s[of[]ibp fk [ii obdobppflk [k[ivpbp ql [fa fk fkqbomobq[qflk) qeb 

Q[]ib 0 jb[kp [ka pq[ka[oa absf[qflkp [ob fk qeb lofdfk[i jbqof_p+ Qebob fp [ pqolkd mlpfqfsb 

obi[qflkpefm ]bqtbbk m[v s[of[k_b [ka m[v*clo*mbocloj[k_b %o : +12&) [ka ]bqtbbk m[v s[of[k_b 

[ka jb[k m[v ibsbi %o : +53&+ Qefp fp _lkpfpqbkq tfqe lro _lkqbkqflk qe[q qeb qtl m[v pqo[qbdfbp 

[ka m[v afpmbopflk [ob glfkqiv qfba ql qeb bu[_q p[jb [ddobd[qba fkafsfar[i m[v ibsbi ab_fpflkp+

Pfjfi[oiv) Q[]ib 0 obsb[ip pqolkd mlpfqfsb obi[qflkpefmp ]bqtbbk m[v s[of[k_b [ka fkmrqp %o : +32&+  

Qefp obi[qflkpefm fp nrfqb _lkpfpqbkq tfqe lro ploqfkd bumi[k[qflk lc m[v afpmbopflk ]bkbcfqp+ Fk 

_lj]fk[qflk) qebpb _loobi[qflkp prddbpq qe[q lro p[jmib fp _e[o[_qbofwba ]v [ efde abdobb lc 

pqo[qbdf_[iiv [iil_[qba m[v+
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****************************************
Fkpboq Q[]ib 0 []lrq ebob

****************************************

MWv Afpmbopflk Wka Oloqfkd !E.&

Fk E. tb mobaf_qba qe[q ABM tfii vfbia [as[kq[dbp fk qeb [qqo[_qflk [ka obqbkqflk lc qeb 

molar_qfsfqv*obibs[kq fkmrqp qe[q pr]pbnrbkqiv c[_fifq[qb qb[j mbocloj[k_b+ >q qeb qb[j ibsbi) qefp 

evmlqebpfwba ploqfkd [as[kq[db fp prmmloqba ]v qeobb qvmbp lc bsfabk_b7  qeb +35 _loobi[qflk 

]bqtbbk ABMZmobaf_qba [ka fkmrqp8 qeb jriqfs[of[qb obdobppflk) tef_e fp lkb pqbm fk qeb E/] 

jbaf[qflk [k[ivpfp) [ka obsb[ip [ i[odb mlpfqfsb) pq[qfpqf_[iiv pfdkfcf_[kq bccb_q lc lsbo[ii m[v 

s[of[k_b lk fkmrqp8 [ka qeb jbaf[qflk obpriqp qebjpbisbp fk tef_e lsbo[ii m[v afpmbopflk aofsbp 

qb[j mbocloj[k_b qeolrde fkmrqp %pbb qeb E/] obpriqp&+ >aafqflk[iiv) ]b_[rpb ploqfkd fp [k 

lod[kfw[qflk*ibsbi mbopmb_qfsb qe[q fp abofsba colj [ddobd[qba fkafsfar[i*ibsbi bjmilvbb 

jlsbjbkq lrq_ljbp) m[oqf_ri[oiv obsb[ifkd a[q[ [ob [__bppf]ib [q qeb fkafsfar[i mi[vbo ibsbi+ Ql 

cl_rp lk qeb ploqfkd lc mi[vbop lc s[ovfkd s[irb) tb bu[jfkba mi[vbop fk qeb rmmbo nr[oqfib) qeb 

iltbo nr[oqfib) [ka qeb jfaaib 2-  lk lro fkafsfar[i*ibsbi jb[prob lc mi[vbo fkmrqp+ >ii mi[vbop 

_lkqfkrfkd fk qeb ib[drb colj lkb vb[o ql qeb kbuq tbob _e[o[_qbofwba [p bfqebo pq[vbop %obj[fkba

tfqe qeb moflo vb[o—p qb[j& lo jlsbop %tbkq ql [ kbt qb[j sf[ [ qo[ab lo [p [ cobb [dbkq&+ Jlsbo 

[ka pq[vbo fkmrqp tbob jb[proba [p lc vb[o q*.) [ka qeb ABM ibsbip lc qeb qb[jp lk tef_e qebpb 

jlsbop [ka pq[vbop ciltba ql tbob jb[proba [p lc vb[o q) qerp [iiltfkd rp ql [ppbpp tebqebo ilt) 

[sbo[db) [ka efde fkmrqp mi[vbop qbkaba ql afccbobkqf[iiv cilt ql [ka colj qb[jp tfqe jlob ABM+

Q[]ib 1 obsb[ip qeb fkmrqp*pmb_fcf_ jlsbjbkq m[qqbokp lc jlsbop [ka pq[vbop) [p tbii [p [

abmf_qflk lc qlq[i mi[vbo jlsbjbkq+ B[_e lc qeb qeobb ]ob[haltkp vfbiap [k lsbo[ii _ef*pnr[oba 

s[irb qe[q fp pq[qfpqf_[iiv pfdkfcf_[kq) jb[kfkd qe[q vb[o q mi[vbo fkmrqp ibsbi fp obi[qba ql tebqebo 

mi[vbop ciltba ql efde lo ilt ABM qb[jp fk vb[o q(.+ Qeb k[qrob lc qeb obi[qflk fp obsb[iba 
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qeolrde qeb mbo_bkq[db lc mi[vbop fk b[_e _bii [ka qeolrde b[_e olt—p _lkqof]rqflk ql qeb lsbo[ii 

_ef*pnr[oba s[irb+ Qebpb olt _lkqof]rqflkp fk b[_e ]ob[haltk fkaf_[qb qe[q qeb efde fkmrqp 

mi[vbop %f+b+) efde mboclojbop& [ob mofj[ofiv obpmlkpf]ib clo qeb lsbo[ii _ef*pnr[oba s[irb [ka 

pq[qfpqf_[i pfdkfcf_[k_b8 qefp efde fkmrqp mi[vbo ploqfkd [__lrkqba clo [mmolufj[qbiv 4.  %clo 

pq[vbop8 f+b+) 12+/ , 30+6&) 46  %clo jlsbop&) [ka 42  %clo [ii mi[vbop& lc qeb lsbo[ii _ef*pnr[oba 

s[irb qe[q fqpbic fkaf_[qbp [ obi[qflkpefm ]bqtbbk ABM [ka mi[vbo fkmrqp+ Cl_rpfkd) qebk) lk qeb 

efde fkmrqp olt) Q[]ib 1—p pq[vbop [k[ivpfp %qlm& peltp qe[q 1.6 %32 & lc qeb efde fkmrqp pq[vbop 

pmbkq qeb kbuq vb[o lk qb[jp []lsb qeb ABM jbaf[k) tef_e fp /2+3  dob[qbo qe[k qeb _bii—p 

bumb_qba s[irb fc ABM [ka pq[vbo fkmrqp tbob rkobi[qba %f+b+) 2.+4  lc qeb 312 efde fkmrqp 

pq[vbop) tef_e fp 000+2&8 [p qeb .+52 %f+b+) 1.6,//3& fk qeb o[qfl _lirjk fkaf_[qbp) qefp jb[kp qe[q 

52  jlob efde fkmrqp pq[vbop obj[fkba tfqe efde ABM qb[jp qe[k obj[fkba tfqe ilt ABM 

qb[jp %pbb qeb Afp_rppflk pb_qflk clo qeb kr[k_bp lc qeb efde ABM obqbkqflk [as[kq[db&+

Pfjfi[oiv) clo jlsbop %Q[]ib 1) jfaaib&) .-1 %3.+2 & lc qeb efde fkmrqp jlsbop pmbkq qeb kbuq 

vb[o lk qb[jp []lsb qeb ABM jbaf[k) tef_e fp /6+/  dob[qbo qe[k qeb _bii—p bumb_qba s[irb fc 

ABM [ka jlsbo fkmrqp tbob rkobi[qba %f+b+) 14+3  lc qeb .36 efde fkmrqp jlsbop) tef_e fp 5-+1&8 

ebob qeb .+3- fk qeb o[qfl _lirjk obsb[ip qe[q 3-  jlob efde fkmrqp jlsbop tbkq ql efde ABM 

qb[jp qe[k tbkq ql ilt ABM qb[jp+ Cfk[iiv) Q[]ib 1—p qlq[i mi[vbo jlsbjbkq [k[ivpfp %]lqqlj& 

jfoolop qeb jlsbo [ka pq[vbo ploqfkd _ljmlkbkq [k[ivpbp) [p) lsbo[ii) 5-  jlob efde fkmrqp 

mi[vbop mi[vba qeb cliiltfkd vb[o lk efde ABM qb[jp qe[k lk ilt ABM qb[jp %jlabo[qb [ka ilt 

fkmrqp mi[vbop tbob pifdeqiv jlob ifhbiv ql mi[v lk ilt ABM qb[jp qeb cliiltfkd vb[o&+ @ib[oiv) 

qeb pq[qfpqf_[iiv pfdkfcf_[kq obi[qflkpefm ]bqtbbk ABM [ka mi[vbo fkmrqp fp aofsbk ]v efde ABM 

qb[jp c[ofkd ]bqqbo qe[k ilt ABM qb[jp fk qeb [qqo[_qflk [ka obqbkqflk lc efde fkmrqp mi[vbop

%[aafqflk[i obdobppflk [k[ivpbp _lkcfojba qefp mlfkq) [p qeb ABM lc qeb qb[j qe[q qeb mi[vbo 
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jlsba ql lo pq[vba [q e[a [ mlpfqfsb [ka pq[qfpqf_[iiv pfdkfcf_[kq bccb_q lk qeb fkmrqp ibsbi lc qeb 

[_nrfoba,obq[fkba mi[vbo&+ Fk peloq) [p mobaf_qba fk lro co[jbtloh [ka fk E.) ABM vfbiaba _ib[o 

ploqfkd [as[kq[dbp fk lro a[q[+ Klq promofpfkdiv dfsbk qeb efde ibsbi lc bumi[fkba m[v fk lro a[q[) 

qebpb obpriqp tbob obmif_[qba tebk tb pr]pqfqrqba lsbo[ii m[v s[of[k_b clo qeb ABM jb[prob+

****************************************
Fkpboq Q[]ib 1 []lrq ebob

****************************************

ABM Wka PbWi MbocloiWk_b !E/W' E/Y&

Q[]ibp 2 %mlfkqp& [ka 3 %olrka& molsfab qbpqp lc lro evmlqebpbp qe[q ABM pelria) sf[ ploqfkd 

bccb_qp) ib[a ql jlob bccb_qfsb qb[j mbocloj[k_b) [ka pelria vfbia jlob c[slo[]ib bccb_qp qe[k 

ARM+  Jlabip qeobb [ka bfdeq fk b[_e q[]ib vfbia prmmloq clo E/[+ Pmb_fcf_[iiv) rkabo ]lqe 

o[kalj [ka cfuba bccb_qp jlabip) ABMZmobaf_qba %f+b+) qeb tfqefk qb[j*vb[o s[of[k_b fk mobaf_qba 

s[irbp colj qeb fkafsfar[i*ibsbi obdobppflk lc m[v lk moflo vb[o mbocloj[k_b fkmrqp& e[a [ 

pq[qfpqf_[iiv pfdkfcf_[kq) mlpfqfsb [ppl_f[qflk tfqe mlfkqp [ka olrka+ Clo bu[jmib) qeb 

ABMZmobaf_qba _lbccf_fbkqp colj Jlabi qeobb fk Q[]ibp 2 [ka 3 obsb[i) obpmb_qfsbiv) qe[q [ lkb 

pq[ka[oa absf[qflk fk_ob[pb fk ABMZmobaf_qba mobaf_qp 2+-1 [aafqflk[i mlfkqp) tef_e fp +0/ lc [ 

pq[ka[oa absf[qflk) [ka [ +01 fk_ob[pb fk ilddba olrkap [as[k_ba fk qeb mi[vlccp %[ 1-  fk_ob[pb 

fk [_qr[i olrkap&+ Fk qbojp lc qeb obi[qfsb pfwbp lc ABM [ka ARM bccb_qp) tb qbpqba clo pq[qfpqf_[i 

afccbobk_bp ]bqtbbk qeb qtl+ >p fkaf_[qba fk qeb T[ia qbpqp prjj[ofwba [q qeb ]lqqlj lc Q[]ib 

2—p Jlabip qeobb [ka bfdeq) qeb ABMZmobaf_qba _lbccf_fbkq t[p i[odbo qe[k qeb ARMZobpfar[i 

_lbccf_fbkq rpfkd ]lqe qeb o[kalj bccb_qp %2+-1 sboprp *+./& [ka cfuba bccb_qp %0+31 sboprp *+60& 

[mmol[_ebp+ Pfjfi[oiv) fk Q[]ib 3—p Jlabip qeobb [ka bfdeq) tebk mobaf_qfkd olrka) qeb 

ABMZmobaf_qba _lbccf_fbkq t[p [d[fk pq[qfpqf_[iiv dob[qbo qe[k qeb ARMZobpfar[i _lbccf_fbkq 
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rkabo ]lqe o[kalj %+01 sboprp +-1& [ka cfuba bccb_qp %+/5 sboprp *+-/& bpqfj[qflk+ Qerp) E/[ t[p 

prmmloqba) [p ABM bccb_qp lk mbocloj[k_b tbob mlpfqfsb [ka jlob c[slo[]ib qe[k ARM bccb_qp+

****************************************
Fkpboq Q[]ibp 2 [ka 3 []lrq ebob

****************************************

Prmmloq clo [ m[v afpmbopflk bccb_q qeolrde ploqfkd [ipl bjbodba fk lro jbaf[qflk qbpqp lc 

E/]+ Pl]bi %.65/& qbpqp _lkpfpqbkqiv obsb[iba [ pq[qfpqf_[iiv pfdkfcf_[kq) mlpfqfsb bccb_q lc m[v 

afpmbopflk lk qb[j mbocloj[k_b qe[q lmbo[qba qeolrde qeb pb_rofkd lc fkmrqp+ Fk qeobb lc qeb clro 

jbaf[qflk p_bk[oflp) qeb kbpqba jlabip— mlpfqfsb m[v s[of[k_b bccb_qp bppbkqf[iiv _ljmibqbiv 

afp[mmb[oba lk_b fkmrqp tbob fk_lomlo[qba [p mobaf_qlop+ Clo bu[jmib) fk Q[]ib 2) qeb m[v 

s[of[k_b _lbccf_fbkq ab_ifkba colj 2+.- fk Jlabi . ql *+-2 tebk fkmrqp tbob [aaba fk Jlabi / 

%pbb [ipl Q[]ib 2—p Jlabip 3 [ka 4) [ka Q[]ib 3—p Jlabip . [ka /&+ Fk Q[]ib 3—p Jlabip 3 [ka 4) 

qeb m[v s[of[k_b bccb_q tbkq colj kb[o wbol ql kbd[qfsb tebk qeb fkmrqp jbaf[qlo s[of[]ib t[p 

fk_iraba) pqfii obsb[ifkd [ mlpfqfsb fkafob_q bccb_q %pbb J[_hfkklk bq [i+) /--/) clo elt fkafob_q 

bccb_qp _[k ]b mobpbkq fk qeb []pbk_b lc qlq[i bccb_qp&+ Qeb fkafob_q bccb_qp [ob _[i_ri[qba ]v 

jriqfmivfkd qeb jbaf[qlo %fkmrqp& bccb_q ]v qeb bccb_q) colj [ pbm[o[qb %rkobmloqba& obdobppflk) lc 

m[v s[of[k_b lk fkmrqp+ Fk qbojp lc bccb_q pfwb) [ lkb pq[ka[oa absf[qflk fk_ob[pb fk m[v s[of[k_b

ib[ap ql fkmrqp bke[k_bjbkqp qe[q riqfj[qbiv qo[kpi[qb) rkabo o[kalj [ka cfuba bccb_qp 

pmb_fcf_[qflkp) ql 2+06 mlfkqp [ka 0+25 mlfkqp) obpmb_qfsbiv) [ka ql +1- [ka +02 fk_ob[pbp fk ilddba 

olrkap [as[k_ba fk qeb mi[vlccp) obpmb_qfsbiv %qeb i[qqbo qtl bccb_qp obmobpbkq 16  [ka 1/  

fk_ob[pbp fk [_qr[i olrkap&+

Fk qbojp lc qbpqfkd qeb obi[qfsb ABM [ka ARM bccb_qp qeolrde jbaf[qflk) [p abp_of]ba fk 

E/]) tb _ljm[oba qeb fkafob_q %ABM8 ploqfkd& bccb_q lc m[v s[of[k_b qeolrde fkmrqp ql qeb afob_q 

m[v s[of[k_b %ARM& bccb_q+ Fkafob_q bccb_qp [mmb[o ql ]b jlob c[slo[]ib qe[k afob_q bccb_qp rkabo 
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[ii _lkafqflkp) qelrde [s[fi[]ib bpqfj[qflk qb_ekfnrbp ifjfqba lro qbpqfkd lc pq[qfpqf_[i afccbobk_bp 

ql qeb jlob _lkpbos[qfsb cfuba bccb_qp jlabip+ T[ia qbpqp obsb[iba qe[q m[v s[of[k_b molar_ba 

fkafob_q %ABM& bccb_qp qeolrde fkmrqp qe[q tbob pq[qfpqf_[iiv dob[qbo qe[k afob_q %ARM& bccb_qp 

%0+25 sboprp *+-2 tebk mobaf_qfkd mlfkqp [ka +02 sboprp *+.6 tebk mobaf_qfkd olrka&+ Qerp) tb 

clrka prmmloq clo E/] [p jbaf[qflk [k[ivpfp fkaf_[qba qe[q lsbo[ii m[v afpmbopflk qe[q pb_robp 

molar_qfsfqv*obibs[kq fkmrqp molar_bp jlob c[slo[]ib bccb_qp lk mbocloj[k_b qe[k albp ARM+

Fk prj) tebqebo mobaf_qfkd mlfkqp lo olrka) [ka tebqebo rpfkd qeb jbaf[qba [mmol[_e lo 

qeb jlob afob_q jb[prob lc ABMZmobaf_qba) ABM t[p mlpfqfsbiv obi[qba ql qb[j mbocloj[k_b) [ka

t[p jlob c[slo[]iv pl qe[k ARM+ ?lqe [mmol[_ebp fkaf_[qb qefp fp [ j[kfcbpq[qflk lc m[v 

afpmbopflk—p ploqfkd [as[kq[dbp tebk m[vfkd clo molar_qfsfqv*obibs[kq fkmrqp+

MWoqfWhhfkd 9lsWofWqbp Wka ARM !E0&

Fk pbsbo[i qbpqp lc E0) tb clrka qe[q _lkqoliifkd clo m[v ibsbi [ka m[v*clo*mbocloj[k_b 

pqo[qbdfbp) [ka clo molar_qfsfqv*obibs[kq fkmrqp) objlsba qeb mlpfqfsb m[v afpmbopflk bccb_qp lk 

qb[j mbocloj[k_b8 mobprj[]iv qefp l__rooba ]b_[rpb te[q obj[fkba lc m[v s[of[k_b t[p ARM) 

tef_e obpriqba fk [ kbd[qfsb lo kbdifdf]ib m[v afpmbopflk bccb_q+ Clo bu[jmib) tebob[p [k 

fk_ob[pb lc lkb pq[ka[oa absf[qflk fk m[v s[of[k_b fk Q[]ib 2—p Jlabip lkb [ka pfu mobaf_q

pq[qfpqf_[iiv pfdkfcf_[kq fk_ob[pbp lc 2+.- [ka 0+43 mlfkqp) Jlabip cfsb [ka qbk obsb[i qe[q qeb 

p[jb m[v s[of[k_b fk_ob[pb mobaf_qp pq[qfpqf_[iiv pfdkfcf_[kq ab_obXpbp lc 2+.3 [ka 2+56 mlfkqp 

tebk m[v ibsbi [ka m[v*clo*mbocloj[k_b pqo[qbdfbp tbob _lkqoliiba+ Tebk fkmrqp [ob [aaba ql 

qeb ][pbifkb Jlabip lkb [ka pfu) qeb m[v s[of[k_b bccb_qp bppbkqf[iiv dl ql wbol %pbb Jlabip qtl 

[ka pbsbk&+ > pfjfi[o dbkbo[i m[qqbok bjbodbp fk qeb olrka jlabip+ Fk [ii _[pbp) qeb m[v s[of[k_b 

_lbccf_fbkq tebk m[v pqo[qbdfbp lo fkmrqp tbob mobpbkq [p _ls[of[qbp t[p pq[qfpqf_[iiv afccbobkq 

colj qeb _lbccf_fbkq tebk m[v pqo[qbdfbp lo fkmrqp tbob []pbkq+
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Qebpb E0 cfkafkdp fiirpqo[qb qeb bklojlrp fjm[_q lc _ls[of[qb ab_fpflkp lk tebqebo ABM 

lo ARM fp jlabiba) [p tbii [p qeb pq[oh _lkqo[pq ]bqtbbk ABM [ka ARM bccb_qp lk mbocloj[k_b+

Qeb obpriqp prmmloq klq lkiv E0) ]rq [ipl lro fkqbomobq[qflk lc qeb Q[]ib . obpb[o_e+ @lkqoliifkd 

clo obibs[kq fkmrqp lo qeb m[v pqo[qbdfbp abpfdkba ql molar_b qebj m[oqf[ip lrq ABM colj m[v 

s[of[k_b [ka i[odbiv ib[sbp ARM ql mobaf_q mbocloj[k_b+ Qerp) kbd[qfsb m[v afpmbopflk bccb_qp fk 

pr_e p_bk[oflp pelria klq fjmif_[qb lsbo[ii m[v afpmbopflk) lo ABM fk m[oqf_ri[o) [p abqofjbkq[i+

9rosfhfkbWofqv !E1&

Q[]ib 2—p Jlabip clro [ka kfkb fkaf_[qb qe[q ABM e[p [ _rosfifkb[o bccb_q lk qb[j 

mbocloj[k_b) [p qeb pnr[oba ABMZmobaf_qba qboj) [p mobaf_qba) fp kbd[qfsb [ka pq[qfpqf_[iiv 

pfdkfcf_[kq tebk mobaf_qfkd mlfkqp+ Milqqfkd qeb obi[qflkpefmp fkaf_[qbp qe[q mlpfqfsb 

ABMZmobaf_qba bccb_qp klq lkiv afjfkfpe fk pfwb [p ABMZmobaf_qba fk_ob[pbp) ]rq [ipl ]b_ljb 

kbd[qfsb [p qeb _rosb qrokp pifdeqiv altkt[oa [q qeb efdebo ABMZmobaf_qba ibsbip fk qeb a[q[+ 

>aafqflk[i [k[ivpfp) eltbsbo) nr[ifcfbp qefp fkcbobk_b+ Cliiltfkd qeb mol_barob fk >fhbk [ka 

Tbpq %.66.& clo [k[ivwfkd _rosfifkb[ofqv) tb _ljmrqba pbsbo[i pfjmib pilmbp %f+b+) qeb 

ABMZmobaf_qba ifkb[o bccb_qp) tef_e [ob q[kdbkqp ql qeb _rosfifkb[o milq) [q pmb_fcfba s[irbp lc 

ABMZmobaf_qba& [ka qebfo pq[ka[oa boolop+ Clo Q[]ib 2—p Jlabi 1) qefp molar_ba pq[qfpqf_[iiv 

pfdkfcf_[kq ABMZmobaf_qba bccb_qp lc .0+-5 tebk ABMZmobaf_qba fp [q fqp jfkfjrj %*.+52 PA&) 

.-+-- tebk [q kbd[qfsb lkb PA) 3+05 tebk [q qeb jb[prob—p jb[k) [ka /+43 [q mirp lkb PA+ ?rq 

[q s[irbp lc ABMZmobaf_qba qe[q tbob [q mirp .+2 PA [ka []lsb) qeb ABMZmobaf_qba bccb_qp tbob 

klq pq[qfpqf_[iiv pfdkfcf_[kq) qelrde qebv al ]b_ljb kbd[qfsb [q qtl PA—p [ka []lsb+ 

@rosfifkb[ofqv rkabo cfuba bccb_qp %Jlabi 6& cliiltba [ sbov pfjfi[o m[qqbok+ 

Clo qeb olrka obdobppflkp) qeb pq[qfpqf_[iiv pfdkfcf_[kq pnr[oba qboj fk qeb o[kalj bccb_qp 

jlabi [ipl fkaf_[qba _rosfifkb[ofqv+ Pfjmib pilmb [k[ivpfp lc Q[]ib 3—p Jlabi clro molar_bp 
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ABMZmobaf_qba bccb_qp lc .+.- tebk ABMZmobaf_qba fp [q fqp jfkfjrj %*.+52 PA&) +51 tebk [q 

kbd[qfsb lkb PA) +2/ tebk [q fqp jb[k) [ka +04 [q mirp lkb e[ic PA+ >q s[irbp lc ABMZmobaf_qba 

qe[q tbob [q mirp lkb PA [ka []lsb) qeb ABMZmobaf_qba bccb_qp tbob klq pq[qfpqf_[iiv pfdkfcf_[kq) 

qelrde) [p fk qeb mlfkqp [k[ivpfp) qebv al ]b_ljb kbd[qfsb [q qtl PA—p [ka []lsb + Qeb pnr[oba 

ABMZmobaf_qba qboj fk qeb cfuba bccb_qp olrka jlabi t[p klq pq[qfpqf_[iiv pfdkfcf_[kq+ Tb 

fkqbomobq qeb olrka cfkafkdp [p prmmloqfsb lc _rosfifkb[ofqv) eltbsbo) [p qeb E[rpj[k %.645& qbpq 

fkaf_[qba qe[q o[kalj bccb_qp jlabifkd) tef_e fp jlob bccf_fbkq) t[p [mmolmof[qb fk qefp fkpq[k_b+

Fk prj) ]lqe qeb mlfkqp [ka olrka [k[ivpbp molar_ba [k [qqbkr[qba mlpfqfsb bccb_q lc 

ABMZmobaf_qba lk qb[j mbocloj[k_b+ >p ABMZmobaf_qba fk_ob[pbp) fqp mlpfqfsb bccb_qp afjfkfpe) 

bsbkqr[iiv ]b_ljfkd kl afccbobkq colj wbol %qelrde kbd[qfsb fk pfdk&+

OrmmhbibkqWh 7kWhvpbp tfqe FkpqoribkqWh SWofWYhbp

Tefib lro mofj[ov [k[ivpbp prmmloqba lro evmlqebpbp) tb [ipl _lkar_qba prmmibjbkq[ov 

[k[ivpbp rpfkd fkpqorjbkq[i s[of[]ibp ql jlob _lkpbos[qfsbiv qbpq _[rp[i afob_qflk+ >p 

fkpqorjbkqp) tb rpba jbqolmlifq[k [ob[ mlmri[qflk [ka jbqolmlifq[k [ob[ fk_ljb) tef_e pelria

%sf[ fk_ljb pqob[j) pr]pbnrbkq []fifqv ql m[v) [ka qeb fkmrqp riqfj[qbiv pb_roba ]v m[v& 

mofj[ofiv [ccb_q qb[j mbocloj[k_b qeolrde m[v [ka fkmrqp+ ?b_[rpb i[ddba s[irbp lc fkabmbkabkq 

s[of[]ibp [ob cobnrbkqiv prfq[]ib [p fkpqorjbkqp %b+d+) ?i[il_h) .652&) tb [ipl rpb lkb*vb[o i[dp 

lc qeb m[v [ka bjmilvbb fkmrq s[of[]ibp+ Qeb qtl _ljjlkiv _fqba obnrfobjbkqp clo fkpqorjbkq

prfq[]fifqv) [ppl_f[qflk tfqe qeb fkabmbkabkq s[of[]ib ql ]b fkpqorjbkqba %lk_b qeb lqebo 

mobaf_qlop e[sb ]bbk m[oqf[iiba& [ka i[_h lc _loobi[qflk tfqe qeb boolo qboj %b+d+) Tlliaofadb) 

/--/&) dbkbo[iiv [mmb[oba ql ]b p[qfpcfba ebob+ Qebpb fkpqorjbkq[i s[of[]ib [k[ivpbp %[s[fi[]ib 

rmlk obnrbpq& dbkbo[iiv prmmloqba lro mobaf_qflkp lc mlpfqfsb ABM bccb_qp lk qb[j mbocloj[k_b) 

afjfkfpefkd obqrokp [q efde ABM) [ka ibpp c[slo[]ib ARM bccb_qp+ Prmmloq t[p ibpp _lkpfpqbkq fk 
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olrka jlabip) qelrde olrka t[p bumb_qba ql ]b jlob afccf_riq ql mobaf_q ]b_[rpb fq fp [ ibpp 

obif[]ib fkaf_[qlo lc qb[j mbocloj[k_b qe[k fp mlfkqp+

AFO9ROOFLK

Fk qefp pqrav tb _lk_bmqr[iiv [ka bjmfof_[iiv afpqfkdrfpeba ]bqtbbk afpmbopflk fk qeb m[v

bumi[fkba ]v molar_qfsfqv*obibs[kq fkmrqp [ka afpmbopflk fk qeb m[v ibcq rkbumi[fkba ]v pr_e 

fkmrqp+ Tb _lr_eba qefp afpqfk_qflk fk [ ploqfkd bumi[k[qflk fk tef_e) _lkqo[ov ql _lksbkqflk[i 

tfpalj) m[v afpmbopflk tebk tloh fp fkqboabmbkabkq _[k c[_fifq[qb qb[j mbocloj[k_b+ Fk 

prmmloq) [ka ol]rpq ql [ s[ofbqv lc bjmfof_[i qb_ekfnrbp) ABM fk [ efdeiv fkqboabmbkabkq tloh 

_lkqbuq molar_ba ploqfkd [as[kq[dbp qe[q obpriqba fk qb[j mbocloj[k_b d[fkp+

MWv Afpmbopflk Wka Fkqboabmbkabk_b

Qeb _lk_bmqr[i [mmol[_e [ka bjmfof_[i cfkafkdp mobpbkqba ebob [ob klq lkiv kbt) ]rq [ob 

fk pq[oh _lkqo[pq ql qeb mobs[fifkd tfpalj) [p fkqboabmbkabk_b fp sfoqr[iiv [it[vp _fqba [p qeb 

_lkqbuq fk tef_e m[v afpmbopflk tfii ]b m[oqf_ri[oiv afpormqfsb %b+d+) >hboilc ! Ubiibk) .6558 

?illj) .6668 Ibsfkb) .66.8 Mcbccbo ! I[kdqlk) .6608 Mcbccbo) .6618 Pe[t bq [i+) /--/&+ Bkabba, 

tb tbob rkXYhb ql cfka X pfkdhb buXimhb lc X evmlqebpfwba mlpfqfsb bccb_q lc mXv afpmbopflk lk 

mbocloiXk_b fk Xk fkqboabmbkabkq tlog pbqqfkd+ Bjmfof_[i tloh lk m[v afpmbopflk) eltbsbo) e[p 

cl_rpba mofj[ofiv lk fkabmbkabkq pbqqfkdp) lo klq [aaobppba qeb fpprb+ Clo bu[jmib) lc qeb /0

pqrafbp fk Q[]ib .) tb fabkqfcfba qtl [p colj efde tloh fkqboabmbkabk_b pbqqfkdp) pbsbk colj 

ilt fkqboabmbkabk_b pbqqfkdp) lkb qe[q rpba p[jmibp colj b[_e) [ka .0 fk tef_e fkqboabmbkabk_b 

t[p rkhkltk+ Pljb pqrafbp e[sb [ppboqba qe[q qebv qbpq m[v afpmbopflk bccb_qp rkabo

fkqboabmbkabk_b ]rq e[sb) fk c[_q) rpba lkiv pbqqfkdp tfqe rkhkltk lo ilt ibsbip lc 

fkqboabmbkabk_b+ Clo fkpq[k_b) ?illj %.666& [odrbp qe[q efp ][pb][ii mbocloj[k_b cfkafkd 

rkabop_lobp qeb mol]ibj tfqe m[v afpmbopflk fk fkqboabmbkabkq tloh+ Eltbsbo) tb klqb qe[q 
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][pb][ii fp [ pmloq _e[o[_qbofwba ]v mlliba fkqboabmbkabk_b %Clpqbo ! T[pefkdqlk) /--68 Hbfabi) 

.654&) tef_e fp qeb ib[pq fkqboabmbkabkq cloj lc tloh [p abp_of]ba fk Qeljmplk—p %.634& 

efbo[o_ef_[i loabofkd+ Hbfabi %.654& croqebo abp_of]bp ][pb][ii mi[vbo fkqbo[_qflk [p jfkfj[i [ka 

][pb][ii fqpbic [p %m+ 26/& †[ jbq[melo clo qeb [rqlkljv lc lod[kfw[qflk[i m[oqp+– Fk [klqebo

[qqbjmq ql %bjmfof_[iiv& bu[jfkb qeb olib lc fkqboabmbkabk_b %Pe[t bq [i+) /--/) Pqrav /&) qeb 

†efde– fkqboabmbkabk_b _lkafqflk t[p [_qr[iiv klq sbov efde+  Fkqboabmbkabk_b t[p jb[proba [p 

†buqbkq lc rpb lc pbic*j[k[dba qb[jp+–  Qeb obpmlkpb lmqflkp tbob . %Klkb&) / %>ijlpq klkb) .*

/- &) 0 %Pljb) /.*1- &) 1 %>]lrq e[ic) 1.*3- &) 2 %Jlpq) 3.*5- &) 3 %>ijlpq [ii) 5.*66 &) 

[ka 4 %>ii) .-- &+  Qeb lsbo[ii jb[k p_lob fk qeb p[jmib t[p .+12+  Qerp) †efde– 

fkqboabmbkabk_b %jb[k ( . PA&) /+/6) cbii _ilpbpq ql obpmlkpb lmqflk /) †>ijlpq Klkb+–  

Pfjfi[oiv) fk qtl pqrafbp qe[q c[fiba ql cfka bsfabk_b qe[q †fkqboabmbkabk_b– jlabo[qba 

afpmbopflk bccb_qp %Bofhpplk) .6668 J[fk bq [i+) .660&) qeb tloh fqpbic t[p kbsbo abp_of]ba+ Fk 

_lkqo[pq) lkb [pmb_q lc lro p[jmib qe[q j[ab fq lc _lkpfabo[]ib fkqbobpq ebob fp qe[q el_hbv fp [ 

efdeiv fkqboabmbkabkq tloh pbqqfkd %?b[r_[jm ! ?o[v) /--.&) [p el_hbv qb[j mbocloj[k_b fp 

_e[o[_qbofwba ]v ob_fmol_[i fkqboabmbkabk_fbp %Clpqbo ! T[pefkdqlk) /--68 Cobv bq [i+) .6538 

Dboe[oq ! Ovkbp) /--0& fk tef_e qeb lrqmrqp lc fkafsfar[i jbj]bop ]b_ljb qeb fkmrqp clo lqebo 

jbj]bop [ka sf_b sbop[+ Qeljmplk %.634& _e[o[_qbofwbp pr_e ob_fmol_[i fkqboabmbkabk_b [p qeb 

jlpq fkqboabmbkabkq cloj lc tloh+

>iqelrde qeb mobs[fifkd sfbt lc m[v afpmbopflk [p abqofjbkq[i fk fkqboabmbkabkq tloh 

_lkqbuqp j[v ]b [ ob[plk[]ib mlpfqflk rkabo ARM) tebob bnrfqv qeblov mobaf_qp pr_e mol]ibjp) 

ABM [mmb[op rkifhbiv ql vfbia pr_e afpormqflk+ Fkabba) fkqboabmbkabkq tloh j[v bsbk [iilt 

bjmilvbb mbo_bmqflkp lc _l*tlohbo fkmrqp ql ]b jlob [__ro[qb %sf[ dob[qbo l]pbos[]fifqv&) croqebo 

obar_fkd qeb ifhbifella lc afpormqflk arb ql ABM+ Jloblsbo) fq j[v ]b qe[q jlpq qb[j jbj]bop 
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rkabopq[ka qe[q pr__bpp efkdbp lk e[sfkd q[ibkqba qb[j jbj]bop) tef_e efkdbp lk m[vfkd ql 

[qqo[_q [ka obq[fk qebj+ Fk prj) dfsbk lro _lk_bmqr[i co[jbtloh) qeb i[_h lc moflo tloh lk m[v 

afpmbopflk fk qoriv fkqboabmbkabkq pbqqfkdp) [ka lro cfkafkdp lc ABM—p mlpfqfsb bccb_qp fk [k 

fkqboabmbkabkq _lkqbuq) tb ]bifbsb qeb _ljjlk _e[o[_qbofw[qflk lc fkqboabmbkabkq tloh [p 

fk_ljm[qf]ib tfqe m[v afpmbopflk fp rkt[oo[kqba) rkibpp bumif_fqiv [aaobppfkd ARM+  

Oloqfkd 8bkbcfqp lc MWv Afpmbopflk 

Qeb fk_lomlo[qflk lc ploqfkd) [ crka[jbkq[i [sbkrb clo bu[jfkfkd m[v bccb_qp %Dboe[oq ! 

Ovkbp) /--08 I[wb[o) /---&) fkql qeb afpmbopflk*mbocloj[k_b ab][qb fkclojp qeb fpprb [ka 

j[fkq[fkp [k bjme[pfp lk fkmrqp+ Lro cfkafkdp abjlkpqo[qb [ mlqbkq ploqfkd olib fk bumi[fkfkd

afpmbopflk ]bkbcfqp ql qb[j mbocloj[k_b) [p tbii [p fk rkabopq[kafkd te[q afccbobkqf[qbp ABM [ka 

ARM+ Ebk_b) tb pqolkdiv bk_lro[db m[v afpmbopflk obpb[o_ebop ql [aaobpp ploqfkd) tef_e j[v 

tbii ]b qeb mofj[ov abqbojfk[kq lc afpmbopflk—p bccb_q+ Fkabba) qeb []pbk_b lc [ ploqfkd olib fk 

moflo m[v afpmbopflk tloh ifhbiv _lkqof]rqba ql qeb afpm[o[qb obpriqp [ka lsboiv kbd[qfsb sfbt lc 

m[v afpmbopflk) bsbk tebk tloh t[p fkabmbkabkq fk k[qrob+

Lro ploqfkd cfkafkdp fkaf_[qb qe[q) dbkbo[iiv) efde ABM qb[jp [ob ]bqqbo [q obq[fkfkd [ka 

[qqo[_qfkd qeb q[ibkq qe[q riqfj[qbiv aofsbp qb[j mbocloj[k_b+ > _ilpbo illh [q qeb obqbkqflk pfab) 

eltbsbo) vfbiap [ jlob kr[k_ba fkcbobk_b+ Efde ABM qb[jp obq[fk j[kv jlob efde fkmrqp 

mi[vbop qe[k al ilt ABM qb[jp) ]rq [_qr[iiv obq[fk lkiv [ pifdeqiv efdebo molmloqflk lc qebj

%5- ql 45 &+ Qerp) qeb obqbkqflk [as[kq[db fp qe[q efde [ka ilt ABM qb[jp obq[fk pfjfi[o 

molmloqflkp lc afccbobkqiv pfwba q[ibkq mllip) [p efde ABM qb[jp qbka ql e[sb jlob efde fkmrqp 

mi[vbop ql ]bdfk tfqe+

Fk [aafqflk %lo fk _lkqo[pq& ql lro mlpfqflk lk ABM vfbiafkd ploqfkd [as[kq[dbp) fq jfdeq 

[ipl ]b [odrba qe[q pfjmiv m[vfkd efde) [ka bnr[iiv efde %f+b+) efde m[v) ilt ABM&) clo [ii q[ibkq 
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%colj [ m[v ibsbi mbopmb_qfsb& lo clo [ii mbocloj[k_b %colj [ m[v*clo*mbocloj[k_b mbopmb_qfsb&

tlria vfbia ploqfkd [as[kq[dbp [p tbii+ Qefp [mmol[_e) eltbsbo) tlria rpr[iiv ]b rkqbk[]ib 

colj [ i[]lo _lpq mbopmb_qfsb) obnrfobp qb[jp lo lod[kfw[qflkp ql ]b _ljmofpba lc lkiv jbj]bop 

tfqe bnr[iiv efde q[ibkq lo bnr[iiv efde mbocloj[k_b %lqebotfpb) efde m[v clo [ii kb_bppfq[qbp 

ARM&) [ka orkp _lkqo[ov ql qeb pqolkd qbkabk_v clo qb[jp [ka lod[kfw[qflkp ql ]b abpfdkba 

[olrka olibp qe[q _lkqof]rqb rkbnr[iiv ql pr__bpp %b+d+) efbo[o_efbp fk lod[kfw[qflkp) prodf_[i 

qb[jp) i[t cfojp fk tef_e m[oqkbop ]ofkd fk ]rpfkbpp [ka [ppl_f[qbp _lkar_q obpb[o_e) pq[op [ka 

olib mi[vbop fk molcbppflk[i pmloqp qb[jp) bq_+&+ Qerp) tb pbb ifqqib mo[_qf_[i lo _lk_bmqr[i ob[plk 

ql alr]q qeb _lkqbkqflk qe[q efde m[v clo q[ibkq [ka m[v*clo*mbocloj[k_b prddbpq mlpfqfsb ABM 

bccb_qp lk ploqfkd) o[qebo qe[k rkfclojiv efde m[v bccb_qp+

Oloqfkd Wka Fk_bkqfsbp

>iqelrde tb e[sb dolrkaba qefp pqrav fk bjmilvbb ploqfkd) tfqe fk_bkqfsbp 

_lkpmf_rlrpiv altkmi[vba) tb prddbpq qe[q ploqfkd fp lcqbk _lkpfpqbkq tfqe qeb fk_bkqfsb 

[mmol[_e+ Bumb_q[k_v qeblov %Sollj) .631& pqfmri[qbp qe[q qtl j[glo fkcirbk_bp lk jlqfs[qflk 

ql mbocloj [ob s[ibk_b %qeb [qqo[_qfsbkbpp lc qeb obt[oa& [ka fkpqorjbkq[ifqv %qeb mbo_bfsba 

ifhbifella qe[q mbocloj[k_b tfii ]b obt[oaba&+ ABM—p i[odbo m[v obqrokp ql molar_qfsfqv*obibs[kq 

bjmilvbb fkmrqp pelria obpriq fk klq lkiv ploqfkd) ]rq [ipl fk bke[k_ba jlqfs[qflk sf[ dob[qbo 

s[ibk_b %[pprjfkd qe[q [ i[odbo m[vlcc fp jlob [qqo[_qfsb& [ka [ _i[ofcfba ifkb*lc*pfdeq 

%fkpqorjbkq[ifqv& ]bqtbbk pr_e fkmrqp [ka m[v+ Fk lro p[jmib) eltbsbo) _lkqoliifkd clo ploqfkd 

%f+b+) m[oqf[iifkd qeb moflo vb[o—p Wvb[o q*.Y fkafsfar[i mbocloj[k_b fkmrqp& _lkqolip lrq %f+b+) 

jbaf[qbp& sfoqr[iiv qeb bkqfob mlpfqfsb m[v afpmbopflk bccb_qp %b+d+) pbb Jlabip . [ka /) Q[]ib 28 

[ka pbb Jlabip . [ka /) Q[]ib 3&+ ?b_[rpb qeb mlpfqfsb m[v afpmbopflk bccb_q bppbkqf[iiv 
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afp[mmb[op tebk mi[vbop— moflo mbocloj[k_b fkmrqp [ob _lkqoliiba) ploqfkd) o[qebo qe[k fk_bkqfsbp) 

fp mofj[ofiv obpmlkpf]ib clo mlpfqfsb m[v afpmbopflk bccb_qp lk qb[j mbocloj[k_b fk lro pqrav+

>klqebo mlqbkqf[i olib lc fk_bkqfsbp fk [ ploqfkd p_bk[ofl bjbodbp tebk _lkpfabofkd jlob 

_ilpbiv qeb jbj]bo _e[o[_qbofpqf_p lc qelpb qe[q pbic*pbib_q fkql qb[jp+ Fq _lria ]b qe[q efde*ABM 

qb[jp [ob jlob [qqo[_qfsb ql mi[vbop qe[q [ob jlob [qqrkba ql qeb m[v*clo*mbocloj[k_b [pmb_qp lc 

efde ABM bksfolkjbkqp+ Clo bu[jmib) [p [ obpriq lc qebfo ebfdeqbkba [qqbkqflk ql qeb 

molmloqflk[ifqv lc obt[oap [ka fkmrqp) mi[vbop jlob pbkpfqfsb ql m[v bnrfqv j[v qbka ]lqe ql ]b 

jlob ifhbiv ql pbic*pbib_q fkql efde*ABM p_bk[oflp [ka ql ]b jlob jlqfs[qba ]v qeb efde 

fkpqorjbkq[ifqv+ @lkpbnrbkqiv) ABM _lria vfbia fk_bkqfsb ]bkbcfqp fk [aafqflk ql ploqfkd 

[as[kq[dbp %qelrde lro _lkqbuq vfbiaba ifqqib bsfabk_b lc pr_e fk_bkqfsb bccb_qp&+ Ql qeb abdobb) 

eltbsbo) qe[q qelpb efde fk bnrfqv pbkpfqfsfqv [ipl [ob efde fk o[t []fifqv) [ ploqfkd bumi[k[qflk 

clo ABM—p ]bkbcfqp ]b_ljbp jlob kr[k_ba) [p efde mboclojbop [ob [qqo[_qba ql efde*ABM qb[jp) 

]rq tb _[kklq kb_bpp[ofiv [qqof]rqb qeb mob*ploqfkd mbocloj[k_b ql []fifqv o[qebo qe[k jlqfs[qflk+ 

Qerp) tefib fq fp _ib[o qe[q ABM iba ql qb[j mbocloj[k_b qeolrde qeb ploqfkd lc moflo efde 

mboclojbop ql _roobkq efde*ABM qb[jp %o[qebo qe[k qeolrde fk_bkqfsbp mbo pb) [p bumi[fkba 

[]lsb&) tb _[kklq ]b _boq[fk lc qeb obi[qfsb _lkqof]rqflkp lc []fifqv [ka jlqfs[qflk ql qeb 

fkafsfar[ip— moflo mbocloj[k_b+

Qeb ploqfkd [ka fk_bkqfsbp pvkqebpfp prddbpqba ebob fp croqebo _ljmif_[qba) [ka 

dbkbo[ifw[]fifqv fp mlqbkqf[iiv _lkpqo[fkba) rkabo [q ib[pq qtl _lkafqflkp+ Cfopq) ob_bkq obpb[o_e 

fkaf_[qbp qe[q) clo bnrfqv*pbkpfqfsb fkafsfar[ip) m[v pb_ob_v _lkpqo[fkp mbo_bfsba fkpqorjbkq[ifqv) 

qebob]v obar_fkd q[ph mbocloj[k_b %?[j]bodbo ! ?bi[dlilsphv) /-.-&+ Qerp) clo qelpb 

fkafsfar[ip lqebotfpb ifhbiv ql pbic*pbib_q fkql efde*ABM p_bk[oflp rkabo efdeiv sfpf]ib m[v 

pqor_qrobp) [ i[_h lc qo[kpm[obk_v fk m[v [jlrkqp j[v j[hb efde ABM ibpp [qqo[_qfsb %colj [ 
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ploqfkd mbopmb_qfsb& [ka ibpp jlqfs[qfkd+ Pb_lka) qeb ploqfkd [ka fk_bkqfsbp pvkqebpfp fp 

_lkpfabo[]iv jlob sf[]ib tebk fkafsfar[i _lkqof]rqflkp [ob fabkqfcf[]ib+ >]pbkq qefp sfpf]fifqv) 

fkpqorjbkq[ifqfbp ]b_ljb ibpp _ib[o [ka fkbnrfqv mbo_bmqflkp j[v fk_ob[pb+ Lod[kfw[qflkp [ipl 

qebk j[v cfka fq jlob afccf_riq ql [ifdk fkafsfar[i fk_bkqfsbp tfqe dolrm l]gb_qfsbp+ Riqfj[qbiv) 

tb bk_lro[db [ jlob ][i[k_ba sfbt lc m[v afpmbopflk qe[q ob_ldkfwbp ABM—p ploqfkd [as[kq[dbp) 

fqp mlqbkqf[i fk_bkqfsbp ]bkbcfqp) [ka) tebk fkafsfar[i _lkqof]rqflkp _[kklq ]b fabkqfcfba lo m[v 

[jlrkqp [ob rkhkltk) fqp mlqbkqf[i fk_bkqfsbp if[]fifqfbp+

>k [aafqflk[i _lk_bok tfqe [ i[_h lc pljb abdobb lc fkafsfar[i mbocloj[k_b sfpf]fifqv fp 

qe[q fq j[v lmbk qeb allo clo qeb bjbodbk_b lc fk_bkqfsbp clo _lrkqbomolar_qfsb ]be[sflop+ Qeb 

m[v afpmbopflk ifqbo[qrob tb obsfbtba) [p tbii [p lqebo tloh %>j]olpb) Pb[]ofdeq) ! P_ejfkhb) 

/--/8 I[qe[j ! Mfkabo) /--2&) fkaf_[qbp qe[q qeb j[fk _[rpb lc _lrkqbomolar_qfsb qb[j 

]be[sflop) pr_e [p p[]lq[db lc qb[j jbj]bop lo i[_h lc _llmbo[qflk) fp mbo_bfsba fkbnrfqv 

%tef_e ABM) bu_bmq mboe[mp tebk [q buqobjb ibsbip) pelria mob_irab&+ Tb [_hkltibadb) 

eltbsbo) qe[q pr_e ]be[sflop _[k [ipl obpriq colj o[t pbic*fkqbobpq [ka,lo fk_bkqfsbp qe[q pqolkdiv 

fk_bkqfsfwb lkiv fkafsfar[i mbocloj[k_b) o[qebo qe[k qb[j mbocloj[k_b+ Eltbsbo) bsbk [p 

mbocloj[k_b sfpf]fifqv afjfkfpebp) fq lcqbk j[v ]b rkifhbiv qe[q qeb _lkafqflkp kb_bpp[ov clo pr_e

mol]ibj[qf_ ]be[sflop ql l__ro bufpq+ Qebpb bk[]ifkd _lkafqflkp fk_irab %>i_ef[k ! Abjpbqw) 

.64/8 Mobkabod[pq) .666&7 [ i[_h lc mbk[iqfbp clo [ka [k fk[]fifqv ql l]pbosb pr_e 

_lrkqbomolar_qfsb ]be[sflop %fkqboabmbkabkq tloh tfii qbka ql [iilt qb[j jbj]bop ql ]b [t[ob 

lc b[_e lqebop— [_qflkp) j[hfkd ]be[sflop pr_e [p [klkvjlrp p[]lq[db rkifhbiv&8 ifqqib 

fjmloq[k_b lc obmrq[qflk [jlkd mbbop8 [ pfdkfcf_[kq i[_h lc dl[i [ifdkjbkq ]bqtbbk qb[j 

jbj]bop [ka qeb lod[kfw[qflk8 [ka [ qorb wbol*prj pfqr[qflk tebob qeb mbocloj[k_b [ka,lo m[v 

lc lkb qb[j jbj]bo _ljbp [q qeb bumbkpb lc [klqebo %H[kabi ! I[wb[o) .66/&+ Jlpq qb[j 
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pbqqfkdp) eltbsbo) mol][]iv al klq p[qfpcv qebpb _lkafqflkp sbov tbii+ Fk jlpq pbqqfkdp tebob 

pfdkfcf_[kq fkqboabmbkabk_b bufpqp) qeb pr__bpp lc lkb qb[j jbj]bo albp klq _ljb [q qeb bumbkpb 

lc [klqebo+ Qeb absbilmjbkq [ka qfjbiv i[rk_e lc [ pr__bppcri kbt molar_q) clo bu[jmib) tfii 

obcib_q tbii lk qeb molar_q qb[j jbj]bop [ka pr__bpp fp jlpq ifhbiv tebk bsbovlkb lk qeb qb[j 

mboclojp [q [ efde ibsbi8 ebk_b) bsbk tfqe pljb afccf_riqv fk fabkqfcvfkd fkafsfar[i mbocloj[k_b 

_lkqof]rqflkp) ABM fk pr_e pfqr[qflkp pelria klq qbka ql obpriq fk _lrkqbomolar_qfsb ]be[sflo+ 

Jloblsbo) bsbk fc pr_e ]be[sflo[i fk_bkqfsbp bufpq) qb[jp e[sb pqolkd klojp [ka bumb_q[qflkp lc 

qebfo jbj]bop qe[q _[k [ipl [_q [p [ mltbocri abqboobkq ql ]be[sflop qe[q tfii e[oj qeb qb[j [ka 

fqp jbj]bop %?[ohbo) .660&+ Lc _lropb) _[obcri _lkpfabo[qflk jrpq [it[vp ]b dfsbk ql elt ]bpq 

ql ][i[k_b fkafsfar[i) qb[j) [ka lod[kfw[qflk*ibsbi fk_bkqfsbp+

9lkqbuq Wka DbkboWhfwWYfhfqv

Dfsbk lro p[jmib) _lkpfabo[]ib [qqbkqflk jrpq ]b m[fa ql s[oflrp _lkqbuqr[i [ka 

dbkbo[ifw[]fifqv _lk_bokp+ Qtl hbv _lkqbuqr[i bibjbkqp tebk _lkpfabofkd afpmbopflk—p bccb_qp 

[ob qeb abdobb lc m[v*clo*mbocloj[k_b [ka) [p afp_rppba []lsb) qeb fabkqfcf[]fifqv %f+b+) 

jb[pro[]fifqv& lc qeb mbocloj[k_b fkmrqp) tef_e e[sb fjmloq[kq fjmif_[qflkp clo ploqfkd [ka m[v 

pvpqbj abpfdk) obpmb_qfsbiv+ Molcbppflk[i el_hbv fp sbov efde lk qeb m[v*clo*mbocloj[k_b [ka 

fkafsfar[i _lkqof]rqflk fabkqfcf[]fifqv afjbkpflkp+ Ebk_b) crqrob obpb[o_e fp kbbaba lk ABM [ka 

ARM bccb_qp tebk qebpb qtl _lkqbuqr[i afjbkpflkp [ob iltbo qe[k fk lro pqrav+

Obi[qbaiv) [iqelrde mbocloj[k_b fp qeb _i[ppf_ fkmrq colj [k bnrfqv mbopmb_qfsb %Pqbbop ! 

Mloqbo) .650&) lqebo fkmrqp qe[q aofsb m[v afpmbopflk j[v tbii ]b pbbk [p molar_qfsfqv*obibs[kq 

molufbp [ka qerp [p [__bmq[]iv pqo[qbdf_ bumi[k[qflkp clo afpmbopflk %b+d+) phfiip) qbkrob) cloj[i 

_boqfcf_[qflkp&+ Fq fp ifhbiv) eltbsbo) qe[q qeb [__bmq[]fifqv [ka s[irb lc afpmbopflk ibppbk [p qeb 

bumi[k[qflk clo m[v afccbobkqf[ip fk_ob[pfkdiv absf[qbp colj l]gb_qfsbiv [ppbppba mbocloj[k_b) [p 
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tfii l__ro [p fkafsfar[i mbocloj[k_b _lkqof]rqflk fabkqfcf[]fifqv ab_ifkbp+ >ka qeb dob[qbo qefp 

absf[qflk qeb jlob ifhbiv qe[q qeb ploqfkd) fk_bkqfsb) [ka bnrfqv [odrjbkqp qe[q tb e[sb 

[qqbjmqba ql pvkqebpfwb tlria afsbodb+  M[v qfba ql pbkflofqv) clo bu[jmib) j[v ]b sfbtba [p 

bnrfq[]ib fc pbkflofqv fp ]bifbsba ql moluv mbocloj[k_b) ]rq j[v kbfqebo [qqo[_q [ka obq[fk efde 

mboclojbop klo fk_bkqfsfwb mbocloj[k_b+

>aafqflk[i dbkbo[ifw[]fifqv nrbpqflkp [ofpb ]b_[rpb molcbppflk[i [qeibqbp [ob buqobjbiv

tbii m[fa mblmib) e[sb sbov peloq _[obbop) [ka [ob [jlkd qeb sbov ]bpq fk qeb tloia [q te[q qebv 

al+ Qebpb qeobb nr[ifqfbp fk _lj]fk[qflk mrq qebj fk [ o[qebo rkfnrb mlpfqflk) obi[qfsb ql te[q tb 

_lkpfabo ql ]b j[fkpqob[j bjmilvbbp fk _ljjlkiv ebia gl]p+ Lk qeb lqebo e[ka) fk [k b_lkljv 

tebob fkafsfar[i q[ibkq fp fk_ob[pfkdiv [q [ mobjfrj %b+d+) Qeb Tfkkbo Q[hb*>ii Pl_fbqv) Co[kh 

! @llh) .6628 Qeb T[o clo Q[ibkq) Jf_e[bip) E[kacfbia*Glkbp) ! >ubiola) /--.& [ka qebob [ob 

ifhbtfpb pq[o mboclojbop tfqe pq[o p[i[ofbp fk [ s[ofbqv lc l__rm[qflkp %b+d+) [qqlokbvp) _lkpriq[kqp) 

bub_rqfsbp) ob[iqlop) fksbpqjbkq ][khbop) bkqboq[fkbop) p[ibpmblmib&) mboe[mp qeb pfqr[qflk lrqpfab 

lc pmloqp fp klq [it[vp pl afccbobkq+ Fk [kv _[pb) tb tbi_ljb m[v afpmbopflk obpb[o_e qe[q dlbp 

]bvlka qeb pmloqp ob[ij ql croqebo lro bu[jfk[qflk lc ABM [ka ARM+ Jloblsbo) [iqelrde qb[j 

mbocloj[k_b lcqbk abcfkbp lod[kfw[qflk[i pr__bpp fk molcbppflk[i pmloqp %A[kfbiplk) /--1&) klk*

pmloqp obpb[o_e _[k afob_qiv pmb[h ql ABM bccb_qp lk cfk[k_f[i lrq_ljbp ]v [ppbppfkd tebqebo 

ABM—p ]bkbcfqp %f+b+) ploqfkd [ka fk_bkqfsb bccb_qp& lrqtbfde fqp _lpqp+

Cfk[iiv) tb obfqbo[qb qe[q lro p[jmib albp e[sb qeb _ofqf_[i efde tloh fkqboabmbkabk_b 

qe[q jr_e lc qeb moflo m[v afpmbopflk obpb[o_e e[p bfqebo i[_hba lo klq [aaobppba+ Lcqbk _fqba [p 

qeb _lkqbuq fk tef_e m[v afpmbopflk tfii ]b m[oqf_ri[oiv afpormqfsb) fkqboabmbkabk_b [mmb[op ebob 

ql molsfab ifqqib _lkpqo[fkq lk m[v afpmbopflk—p mlqbkqf[i ql molar_b) sf[ ploqfkd) mlpfqfsb bccb_qp 

lk qb[j mbocloj[k_b+
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Peb MWv Afpmbopflk 9lkpqor_q Wka Jlabhfkd Fpprbp

Lro obpb[o_e prddbpqp pbsbo[i jb[kfkdcri _lk_bmqr[i [ka bjmfof_[i _lkpfabo[qflkp clo 

m[v afpmbopflk obpb[o_e qe[q tb e[sb vbq ql criiv [aaobpp+ >k fjmloq[kq _lk_bok ebob qe[q e[p 

ob_bfsba ifqqib [qqbkqflk bipbtebob fp qeb mlppf]fifqv lc [ _rosfifkb[o m[v afpmbopflk bccb_q %pbb 

?oltk bq [i+) /--0) clo [k bu_bmqflk&+ Obpriqp prddbpq qe[q) [q ib[pq fk lro p[jmib) [q efdebo ibsbip 

lc afpmbopflk fk bumi[fkba m[v %ABM&) fk_ob[pbp ql qefp afpmbopflk vfbia afjfkfpefkd obqrokp [ka) 

riqfj[qbiv) kl [aafqflk[i mbocloj[k_b [as[kq[dbp+ >aafqflk[i %rkobmloqba& [k[ivpbp rpfkd 

jbaf[qflk obmif_[qba qefp cfkafkd) [p m[v s[of[k_b [p [ telib e[a [ afjfkfpefkd) qelrde kbsbo 

_lrkqbomolar_qfsb) bccb_q lk mlfkqp [ka olrka qe[q lmbo[qba qeolrde fkmrqp+ Crqrob obpb[o_e fkql 

qeb dbkbo[ifw[]fifqv lc qefp _rosfifkb[o ABM bccb_q fp kbbaba) [p fp bumilo[qflk lc qeb bccb_q—p 

bumi[k[qflk) tef_e tb pmb_ri[qba ql ]b fkbnrfqv mbo_bmqflkp lo ifjfq[qflkp fk lod[kfw[qflk[i 

_[m[]fifqfbp ql j[k[db s[irba obplro_bp %pbb qeb abofs[qflk lc E1&+

> pb_lka jlabifkd fpprb fp qeb lmbo[qflk[ifw[qflk lc m[v afpmbopflk+ Tb rpba m[v 

s[of[k_b ]b_[rpb fq albp klq c[_qlo lrq jb[k m[v fk [kv t[v %[ka fp qerp _lkpfpqbkq tfqe lro 

mlpfqflk lk [slfafkd qeb m[oqf[iifkd lc jb[k m[v bccb_qp fk afpmbopflk jlabifkd&+ Tb ob_ldkfwb) 

eltbsbo) qe[q jlpq m[v afpmbopflk obpb[o_e e[p abmilvba [iqbok[qfsb lmbo[qflk[ifw[qflkp qe[q al) 

fk qebfo _ljmrq[qflk) [__lrkq ql pljb abdobb clo jb[k m[v+ Ebk_b) tb obo[k lro [k[ivpbp [cqbo 

obmi[_fkd m[v s[of[k_b tfqe m[v—p _lbccf_fbkq lc s[of[qflk %f+b+) qeb pq[ka[oa absf[qflk lc m[v 

afsfaba ]v jb[k m[v ibsbi& [ka qeb Dfkf @lbccf_fbkq) qtl _ljjlkiv rpba m[v afpmbopflk 

jb[probp qe[q _loobi[qb tfqe m[v s[of[k_b fk lro a[q[ [q +4- [ka +41) obpmb_qfsbiv+ Qebpb 

pr]pqfqrqflkp afa klq _e[kdb qeb lsbo[ii m[qqbok lc obpriqp+

Qefoa) molar_qfsfqv*obibs[kq ob[plkp clo m[v afpmbopflk) [ka qerp qeb j[hbrm lc ABM [ka 

ARM) tfii o[obiv ]b hkltk tfqe _ljmibqb _boq[fkqv+ ARM jb[probp mol][]iv tfii) ql [q ib[pq 
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pljb abdobb) ]b [ppl_f[qba tfqe m[v ][pba lk o[qflk[i lo ildf_[i m[v bibjbkqp qe[q tb al klq 

e[sb a[q[ plmefpqf_[qba bklrde ql abqb_q+ Fkabba) qefp j[v ]b lkb ob[plk tev ARM cobnrbkqiv 

vfbiap wbol) o[qebo qe[k kbd[qfsb) bccb_qp) ]lqe fk qeb buq[kq obpb[o_e [ka fk lro pqrav+ Obi[qbaiv) 

bsbk abqbojfkfkd te[q bu[_qiv fp †molar_qfsfqv*obibs[kq– fk mofk_fmib [ka te[q fp klq fp [ 

pr]gb_qfsb mol_bpp ifhbiv ql molar_b afp[dobbjbkq [jlkd obpb[o_ebop+ Abpmfqb qefp ifjfq[qflk) 

_lkpfpqbkq obpriqp [_olpp qeb m[oqf[iifkd) jbaf[qflk) [ka mobaf_qba s[irb,obpfar[i qb_ekfnrbp ibka 

prmmloq ql lro _lk_bmqr[i [ka bjmfof_[i jlabifkd lc ABM [ka ARM+

Cfk[iiv) tefib lro pqrav fkslisbp i[qbo[i %tfqefk*gl]& afpmbopflk) tebqebo fqp ildf_ 

dbkbo[ifwbp ql sboqf_[i %[_olpp*gl]& afpmbopflk fp [ipl lc fkqbobpq+ @boq[fkiv gl]p s[ov 

qobjbkalrpiv fk molar_qfsfqv fjmif_[qflkp) [p bsfabk_ba ]v bklojlrp afccbobk_bp fk gl] m[v+ 

?b_[rpb qeb gl] ebia fp qeb mofj[ov aofsbo lc m[v %Dboe[oq ! Jfihlsf_e) .66/&) gl] afccbobk_bp 

j[v bsbk prom[pp gl] mbocloj[k_b [p qeb nrfkqbppbkqf[i molar_qfsfqv*obibs[kq bumi[k[qflk clo m[v 

afpmbopflk) jb[kfkd qe[q _lkqoliifkd lrq qebpb afccbobk_bp _lria _e[kdb lsbo[ii m[v afpmbopflk lo 

ABM bccb_qp ql ARM bccb_qp+ Lsbo[ii) qeb Q[]ib . pqrafbp [mmb[o ql _lkcfoj qefp _lkqbkqflk) [p 

sboqf_[i m[v afpmbopflk qbkap ql ]b mlpfqfsbiv obi[qba ql mbocloj[k_b fk pqrafbp tebob [pmb_qp lc 

qeb gl] tbob klq m[oqf[iiba lrq) ]rq qbkaba ql ]b rkobi[qba lo kbd[qfsbiv obi[qba fk pqrafbp tebob 

qebpb gl] fkmrqp [ob m[oqf[iiba+ Ebk_b) tb bk_lro[db obpb[o_ebop ql _lkpfabo qeb ABM,ARM 

fjmif_[qflkp fk sboqf_[i) [p tbii [p i[qbo[i) m[v afpmbopflk obpb[o_e+

Fimhf_Wqflkp clo moW_qf_b

Lkb ob[_qflk ql lro obpriqp tlria ]b ql mobprjb qe[q tb [asl_[qb m[v afpmbopflk+ Cfopq) 

tb obfqbo[qb qe[q m[v afpmbopflk j[hbp pbkpb lkiv ql qeb buqbkq qe[q fq obmobpbkqp ABM8 mlpfqfsb 

ABM bccb_qp [ob te[q lro _lk_bmqr[i co[jbtloh [ka bjmfof_[i [k[ivpbp prmmloq+ Pb_lka) fq 

tlria ]b peloqpfdeqba ql prddbpq qe[q bsbk ABM fp qeb _loob_q pqo[qbdf_ [mmol[_e fk [ii pfqr[qflkp+  
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Pr_e [ ptbbmfkd ob_ljjbka[qflk _lkcif_qp tfqe lro ]bifbc qe[q _lkqbuq fp sfq[i fk qbojp lc qeb 

bccf_[_v lc EO mo[_qf_bp fk dbkbo[i [ka m[v mo[_qf_bp fk m[oqf_ri[o+ Clo fkpq[k_b) qeb P>P 

Fkpqfqrqb fp [k fkqofdrfkd) [i]bfq o[ob) bu[jmib lc [ efdeiv pr__bppcri _ljm[kv qe[q e[p ]bbk 

fabkqfcfba [p [ molmlkbkq lc [ ibpp afpmbopba m[v pvpqbj) tef_e [mmb[op ql bccb_qfsbiv prmmloq fqp

]rpfkbpp pqo[qbdv [ka _ljm[kv _riqrob %Dboe[oq ! Ovkbp) /--0&+

Qe[q p[fa) eltbsbo) []pbkq pr_e [ cfq lo _lkqfkdbk_v jlabi qe[q _[iip clo qeb rpb lc ibpp 

m[v afpmbopflk) tb al ]bifbsb qe[q ABM) ]v sfoqrb lc ploqfkd %[ka fk_bkqfsbp& ]bkbcfqp) tfii lcqbk 

]b [ dlla fab[+ Lc _lropb) ABM fp klq [it[vp sf[]ib+ Qelrde m[v*clo*mbocloj[k_b pvpqbjp lcqbk 

bccb_qfsbiv ploq [ka jlqfs[qb) qebv [ipl _[k ]b co[rdeq tfqe mol]ibjp) m[oqf_ri[oiv fk _lkqbuqp 

tebob fkafsfar[i mbocloj[k_b afccbobk_bp [ob afccf_riq ql [__ro[qbiv fkcbo [ka,lo jb[prob 

_obaf]iv fk qeb bvbp lc bjmilvbbp+ Tfqelrq pr_e jb[pro[]fifqv) [p tbii [p qeb mbo_bmqflk qeboblc) 

qeb o[qflk[ibp clo qeb ploqfkd [ka fk_bkqfsb ]bkbcfqp nrf_hiv afpfkqbdo[qb+ Qerp) mlppbppfkd [ efde*

nr[ifqv mbocloj[k_b [ppbppjbkq pvpqbj [ka _lksfk_fkd bjmilvbbp lc fqp s[ifafqv [ob mofj[ov 

_lk_bokp clo lod[kfw[qflkp cliiltfkd [ efde ABM [mmol[_e+ >aafqflk[iiv) tebk _lkpfabofkd qeb 

fksbpqjbkq fkql jlob ABM) j[k[dbjbkq pelria ]b prob ql _lkpfabo tebob qebv [iob[av [ob tfqe 

obd[oa ql qeb _lkpqor_q+ Lro _rosfifkb[o [k[ivpbp fkaf_[qb qe[q clo _ljm[kfbp [iob[av efde lk qeb 

_lkpqor_q) jlob ABM j[v d[okbo ifqqib lo kl lod[kfw[qflk*ibsbi [as[kq[dbp+

9lk_hrpflk

Fk qebfo .660 pqrav lc m[v afpmbopflk bccb_qp) Mcbccbo [ka I[kdqlk %.660) m+ 05/& nrlqba 

?[ok[oa—p %.605) mm+ .12*.13& pq[qbjbkq qe[q afccbobkqf[ip fk jlkbv †[ob [ plro_b lc gb[ilrpv [ka 

afpormqflk fc klq [__ljm[kfba ]v lqebo c[_qlop lc afpqfk_qflk+– Tb ]bifbsb qe[q j[kv p_eli[op

[aaobppfkd m[v afpmbopflk bccb_qp fk fkqboabmbkabkq pbqqfkdp j[v e[sb cl_rpba lk ?[ok[oa—p 

†plro_b lc gb[ilrpv [ka afpormqflk– fab[ tfqelrq [abnr[qb obd[oa clo efp †[__ljm[kvfkd c[_qlop 



1.

lc afpqfk_qflk– _lkqfkdbk_v+ Obi[qfsb fk[qqbkqflk ql fkmrqp %f+b+) ?[ok[oa—p c[_qlop lc afpqfk_qflk& 

fk m[v afpmbopflk obpb[o_e fp [odr[]iv [q qeb eb[oq lc te[q tb e[sb _e[o[_qbofwba [p qeb 

ifqbo[qrob—p _lk_bmqr[i [ka bjmfof_[i _lkclrkafkd lc fkbnrfqv [ka fkbnr[ifqv+ Fk obpmlkpb) lro 

co[jbtloh—p fkmrqp*][pba afpqfk_qflk ]bqtbbk ABM [ka ARM molsfabp klqbtloqev obplirqflk ql 

fk_lkpfpqbk_fbp fk moflo bjmfof_[i tloh [ka ql lpqbkpf]iv _lkcif_qfkd qeblobqf_[i mbopmb_qfsbp+ 

Pmb_fcf_[iiv) fk_lomlo[qfkd [ ploqfkd*][pba cl_rp [ka fpli[qfkd ABM) tefib ifjfqfkd fkbnrfqv 

_lk_bokp ql ARM) riqfj[qbiv ib[sbp rp tfqe [ _lkpfabo[]iv jlob c[slo[]ib sfbt lc m[v 

afpmbopflk fk fkqboabmbkabkq tloh pbqqfkdp qe[k qe[q clrka fk mobsflrp obpb[o_e+ Pfjmiv mrq) 

tebk tloh fp fkqboabmbkabkq) m[v afpmbopflk bumi[fkba ]v molar_qfsfqv*obibs[kq bjmilvbb fkmrqp 

molsfabp ploqfkd [as[kq[dbp qe[q ib[a ql [ mlpfqfsb obi[qflkpefm tfqe qb[j mbocloj[k_b) tefib m[v 

afpmbopflk kbq lc qebpb fkmrqp albp klq+
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 NBCBNBK9BO

>a[jp) G+ P+ .630+ Qlt[oa [k rkabopq[kafkd lc fkbnrfqv+ Glrok[i lc >]kloj[i [ka Pl_f[i Mpv_elildv) 34%2&7 
1//*103+

>fhbk) I+ P+ ! Tbpq) P+ D+ .66.+ Jriqfmib obdobppflk7 Qbpqfkd [ka fkqbomobqfkd fkqbo[_qflkp+ Kbt]rov M[oh @>7 
P[db+

>hboilc) D+ >+ ! Ubiibk) G+ I+ .655+ C[fokbpp [ka rkbjmilvjbkq+ >jbof_[k B_lkljf_ Obsfbt) 457 11*16+

>i_ef[k) >+>+ ! Abjpbqw) E+ .64/+  Molar_qflk) fkcloj[qflk _lpqp) [ka b_lkljf_ lod[kfw[qflk+ >jbof_[k 
B_lkljf_ Obsfbt) 3/) 444*462+

>isbpplk) J+ ! H[oobj[k) A+ /--4+  @lkpqor_qfkd jvpqbov7 Bjmfof_[i j[qqbop fk qeblov absbilmjbkq+  
>_[abjv lc J[k[dbjbkq Obsfbt)  0/7 ./32*./5.+ 

>j]olpb) J+ I+ ! Hrifh) @+ Q+ .666+ Lia cofbkap) kbt c[_bp7 Jlqfs[qflk obpb[o_e fk qeb .66-p+ Glrok[i lc 
J[k[dbjbkq) /2%0&7 /0.*/6/+

>j]olpb) J+I+) Pb[]ofdeq) J+>+ ! P_ejfkhb) J+ /--/+ P[]lq[db fk qeb tlohmi[_b7 qeb olib lc lod[kfw[qflk[i 
fkgrpqf_b+ Lod[kfw[qflk[i ?be[sflo [ka Erj[k Ab_fpflk Mol_bppbp) 56) 614y632+

?[j]bodbo) M+) ! ?bildlilsphv) B+ /-.-+ Qeb fjm[_q lc m[v pb_ob_v lk fkafsfar[i q[ph mbocloj[k_b+ Mboplkkbi 
Mpv_elildv) 30%1&) 632*663+

?[ok[oa) @+ F+ .605+ Qeb crk_qflkp lc qeb bub_rqfsb+ @[j]ofadb) J>7 E[os[oa Rkfsbopfqv Mobpp+

?[ohbo) G+O+ .660+ Qfdeqbkfkd qeb folk _[db7 @lk_boqfsb _lkqoli fk pbic*j[k[dfkd qb[jp+ >ajfkfpqo[qfsb P_fbk_b 
Nr[oqboiv) 05) 1-5*104+ 

?[oov) ?+ ! Pqbt[oq) D+ I+ .664+ @ljmlpfqflk) mol_bpp) [ka mbocloj[k_b fk pbic*j[k[dba dolrmp7 Qeb olib lc 
mboplk[ifqv+ Glrok[i lc >mmifba Mpv_elildv) 5/%.&7 3/*45+

?b[r_e[jm) J+ O+ ! ?o[v) P+ O+ /--.+ Olib [j]fdrfqv [ka olib _lkcif_q tfqefk fkqboabmbkabkq qb[jp+ Pj[ii 
Dolrm Obpb[o_e) 0/%/&7 .00*.24+

?b[rjlkq) M+ ?+ [ka E[oofp) O+ F+ A+ %/--0& Fkqbok[i t[db pqor_qrobp [ka lod[kfw[qflk[i mbocloj[k_b+ ?ofqfpe 
Glrok[i lc Fkarpqof[i Obi[qflkp) 1.) 20z4-+

?b_hbo) ?+ ! Dboe[oq) ?+ .663+ Qeb fjm[_q lc erj[k obplro_b j[k[dbjbkq lk lod[kfw[qflk[i mbocloj[k_b7 
Moldobpp [ka molpmb_qp+ >_[abjv lc J[k[dbjbkq Glrok[i) 067 446*5-.+

?b_hbo) ?+ B+ ! Erpbifa) J+ >+ .66/+ Qeb fk_bkqfsb bccb_qp lc qlrok[jbkq _ljmbkp[qflk pvpqbjp+ 
>ajfkfpqo[qfsb P_fbk_b Nr[oqboiv) 04%/&7 003*02-+

?fpelm) G+ .654+ Qeb Ob_ldkfqflk [ka Obt[oa lc Bjmilvbb Mbocloj[k_b+ Glrok[i lc I[]lo B_lkljf_p) 2%1 %m[oq 
/&&7 P03*P23+

?i[il_h) E+)J+ .652+ @[rp[i jlabip fk qeb pl_f[i p_fbk_bp+ @ef_[dl7 >iafkb+  

?illj) J+ .666+ Qeb mbocloj[k_b bccb_qp lc m[v afpmbopflk lk fkafsfar[ip [ka lod[kfw[qflkp+ >_[abjv lc 
J[k[dbjbkq Glrok[i) 1/7 /2*1-+
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?oltk) J+ M+) Pqroj[k) J+ @+) ! Pfjjbofkd) J+ G+ /--0+ @ljmbkp[qflk mlif_v [ka lod[kfw[qflk[i mbocloj[k_b7 
Qeb bccf_fbk_v) lmbo[qflk[i) [ka cfk[k_f[i fjmif_[qflkp lc m[v ibsbip [ka m[v pqor_qrob+ >_[abjv lc 
J[k[dbjbkq Glrok[i) 13%3&7 42/*43/+

@[ap]v) @+ ?+) Plkd) C+) ! Q[mlk) C+ /--4+ Ploqfkd [ka fk_bkqfsb bccb_qp lc m[v clo mbocloj[k_b7 >k 
bumbofjbkq[i fksbpqfd[qflk+ >_[abjv lc J[k[dbjbkq Glrok[i) 2-%/&7 054*1-2+

@[jbolk) >+@+) Dbi][_e) G+ ! Jfiibo A+ /--5+ ?llqpqo[mmba*?[pba Fjmolsbjbkqp clo Fkcbobk_b tfqe @irpqboba 
Boolop+ Obsfbt lc B_lkljf_p [ka Pq[qfpqf_p) 6-%0&7 1.1*1/4+

@[jbolk) >+ @+) ! Qofsbaf) M+ H+ .653+ B_lkljbqof_ jlabip ][pba lk _lrkq a[q[7 _ljm[ofplkp [ka [mmif_[qflkp 
lc pljb bpqfj[qlop [ka qbpqp+ Glrok[i lc >mmifba B_lkljbqof_p) .%.&7 /6*21+

@lkvlk) J+ G+) Mb_h) P+ F+) ! P[aibo) D+ S+ /--.+ @lomlo[qb qlrok[jbkqp [ka bub_rqfsb _ljmbkp[qflk7 Bsfabk_b 
colj qeb RH+ Pqo[qbdf_ J[k[dbjbkq Glrok[i) //%5&7 5-2*5.2+

@lteboa) A+ J+ ! Ibsfkb) A+ F+ .66/+ Molar_q nr[ifqv [ka m[v bnrfqv ]bqtbbk iltbo*ibsbi bjmilvbbp [ka qlm 
j[k[dbjbkq7  >k fksbpqfd[qflk lc afpqof]rqfsb grpqf_b qeblov+ >ajfkfpqo[qfsb P_fbk_b Nr[oqboiv) 04%/&7 
0-/*0/-+

A[kfbiplk) J+ /--1+ Eljb qb[j) Fk P+ Olpkbo ! H+ Peolmpefob %Bap& Qeb ?rpfkbpp lc Pmloqp+  Glkbp [ka ?[oqibqq 
Mr]ifpebop+  Pra]rov) J>+

Abrqp_e) J+ .652+ Afpqof]rqfsb grpqf_b7 > pl_f[i*mpv_elildf_[i mbopmb_qfsb+ Kbt E[sbk) @Q7 U[ib Rkfsbopfqv 
Mobpp+

Abmhbk) @+ >+ /---+ T[db afpm[ofqv [ka qb[j molar_qfsfqv7 bsfabk_b colj j[glo ib[drb ][pb][ii+ B_lkljf_p 
Ibqqbop) 34%.&7 54*6/+

Afkd) A+) >heq[o) P+ [ka Db) D+ /--6+ Bccb_qp lc Fkqbo* [ka Fkqo[*efbo[o_ev T[db Afpmbopflkp lk Cfoj 
Mbocloj[k_b fk @efkbpb Bkqbomofpbp+  Fkqbok[qflk[i Glrok[i lc Erj[k Obplro_b J[k[dbjbkq) /-7/04-*
/05.+

Bcolk ?+ ! Qf]pefo[kf O+ .660+ >k Fkqolar_qflk ql qeb ?llqpqo[m+ Kbt Uloh7 @e[mj[k ! E[ii,@O@+

Bofhpplk) Q+ .666+ Bub_rqfsb _ljmbkp[qflk [ka qlrok[jbkq qeblov7 Bjmfof_[i qbpqp lk A[kfpe a[q[+ Glrok[i lc 
I[]lo B_lkljf_p) .4%/&7 /3/*/5-+

BPMK C[kq[pv El_hbv Oribp y p_lofkd _[qbdlofbp+ %k+a+&+  Obqofbsba fk /--4 colj 
eqqm7,,pmloqp+bpmk+dl+_lj,c[kq[pv,el_hbv,cei,pqlov<m[db:ceioribpp_lofkd_[qbdlofbp

Cboo[ol) C+) Mcbccbo) G+) ! Prqqlk) O+ F+ /--2+ B_lkljf_p i[kdr[db [ka [pprjmqflkp7 Elt qeblofbp _[k ]b_ljb 
pbic*cricfiifkd+ >_[abjv lc J[k[dbjbkq Obsfbt) 0-%.&7 5*/1+

Clpqbo) T+ J+ ! T[pefkdqlk) J+ /--6+ Lod[kfw[qflk[i pqor_qrob [ka eljb qb[j mbocloj[k_b+ Qb[j 
Mbocloj[k_b J[k[dbjbkq) .2%0,1&7  .25 y .4.+

Co[kh) O+ E+ .651+ >ob tlohbop m[fa qebfo j[odfk[i molar_qp+ >jbof_[k B_lkljf_ Obsfbt) 41%1&7 216*24.+

Co[kh) O+E+ ! @llh) M+G+ %.662&+  Qeb tfkkbo*q[hb*[ii*pl_fbqv+ Kbt Uloh7  Cobb Mobpp+

Co[kh) B+) ! Krbp_e) P+ %cloqe_ljfkd&+ Qeb bccb_q lc t[db afpmbopflk lk qb[j lrq_ljb [ka qeb t[v qb[j 
lrq_ljb fp molar_ba+ >mmifba B_lkljf_p+
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Cof_h) ?+) Mofkw) G+ ! Tfkhbij[kk) H+ /--0+ M[v fkbnr[ifqfbp [ka qb[j mbocloj[k_b7 Bjmfof_[i bsfabk_b colj 
qeb Kloqe >jbof_[k j[glo ib[drbp+ Fkqbok[qflk[i Glrok[i lc J[kmltbo) /17 14/*16.+

Cov) I+ T+) Hboo) P+) ! Ibb) @+ .653+ Bccb_qp lc afccbobkq ib[abo ]be[sflop rkabo afccbobkq ibsbip lc q[ph 
fkqboabmbkabk_b+ Erj[k Obi[qflkp) 06%./&7 .-34*.-5.+

Dboe[oq) ?+ ! Jfihlsf_e) D+ Q+ .66-+ Lod[kfw[qflk[i afccbobk_bp fk j[k[dbof[i _ljmbkp[qflk [ka cfk[k_f[i 
mbocloj[k_b+ >_[abjv lc J[k[dbjbkq Glrok[i) 00%1&7 330*36.+

Dboe[oq) ?+ ! Jfihlsf_e) D+ Q+ .66/+ Bjmilvbb _ljmbkp[qflk7 Obpb[o_e [ka qeblov+ Fk J+ A+ Arkkbqqb ! I+ J+ 
Elrde %Bap+&) E[ka]llh lc fkarpqof[i [ka lod[kfw[qflk[i mpv_elildv) / ba+) Sli+ 07 15.*236+ M[il >iql) 
@>7 @lkpriqfkd Mpv_elildfpqp Mobpp+

Dboe[oq) ?+ ! Ovkbp) P+ I+ /--0+ @ljmbkp[qflk7  Qeblov) bsfabk_b) [ka pqo[qbdf_ fjmif_[qflkp+ Qelrp[ka L[hp) 
@>7 P[db Mr]if_[qflkp+

Dboe[oq) ?+) Ovkbp) P+I+) ! Crijbo) F+P+  /--6+ M[v [ka mbocloj[k_b7  Fkafsfar[ip) dolrmp) [ka bub_rqfsbp+  
>_[abjv lc J[k[dbjbkq >kk[ip) 07 /2.*0.2+

Dorka) @+ [ka Tbpqbod[[oa*Kfbipbk) K+ %/--5& Qeb afpmbopflk lc bjmilvbbp— t[db fk_ob[pbp [ka cfoj 
mbocloj[k_b+ Fkarpqof[i [ka I[]lo Obi[qflkp Obsfbt) 3.) 152z2-.+

E[oofplk) A+ >+ ! Hibfk) H+ G+ /--4+ Te[q—p qeb afccbobk_b<  Afsbopfqv _lkpqor_qp [p pbm[o[qflk) s[ofbqv lo 
afpm[ofqv fk lod[kfw[qflkp+ >_[abjv lc J[k[dbjbkq Obsfbt) 0/%1&7 ..66*.//5+

E[rpj[k) G+ >+ .645+ Pmb_fcf_[qflk Qbpqp fk B_lkljbqof_p+ B_lkljbqof_[) 13%3&7 ./2.*./4.+

Ebic[q) @+ B+ ! Mbqbo[c) J+ >+ /--0+ Qeb avk[jf_ obplro_b*][pba sfbt7 @[m[]fifqv ifcb_v_ibp+ Pqo[qbdf_ 
J[k[dbjbkq Glrok[i) /1%.-&7 664*.-.-+

Ebkbj[k) E+ D+ ! Gradb) Q+ >+ /---+ @ljmbkp[qflk [qqfqrabp+ Fk P+ I+ Ovkbp ! ?+ Dboe[oq %Bap+&) 
@ljmbkp[qflk fk lod[kfw[qflkp7 @roobkq obpb[o_e [ka mo[_qf_b7 3.*.-0+ P[k Co[k_fp_l) @>7 Glppbv*?[pp+

Ebkbj[k) O+ I+ ! Tbokbo) G+ J+ /--2+ Jbofq M[v7 Ifkhfkd M[v ql Mbocloj[k_b fk [ @e[kdfkd Tloia+ 
Dobbktf_e) @lkk+7 Fkcloj[qflk >db Mr]ifpefkd+

Ebvj[k) C+ /--2+ M[v fkbnr[ifqv [ka cfoj mbocloj[k_b7 bsfabk_b colj j[q_eba bjmilvbo*bjmilvbb a[q[+ 
>mmifba B_lkljf_p) 04) .0.0*.0/4+

Ef]]p) A+ >+ ! Il_hfkd) E+ /---+ T[db afpmbopflk [ka molar_qfsb bccf_fbk_v7 Bsfabk_b clo Ptbabk+ Glrok[i lc 
I[]lo B_lkljf_p) .5%1&7 422*45/+

Ef_hp) G+ O+ .630+ Qeb qeblov lc t[dbp %/ ba+&+ Ilkalk7 J[_Jfii[k+

Qeb Fkqbokbq El_hbv A[q[][pb+ %k+a+&+  Obqofbsba fk /--2 colj eqqm7,,ttt+el_hbva]+_lj,

Gbkhfkp) @+A+ Go+) Jfqo[) >+) Drmq[) >+) ! Pe[t) G+A+ .665+ >ob cfk[k_f[i fk_bkqfsbp obi[qba ql mbocloj[k_b7  > 
jbq[*[k[ivqf_ obsfbt lc bjmfof_[i obpb[o_e+  Glrok[i lc >mmifba Mpv_elildv) 50 %2&) 444*454+ 

Gbtbii) O+ Q+ [ka Jlifk[) A+ G+ %/--1& Molar_qfsb bccf_fbk_v [ka p[i[ov afpqof]rqflk7 qeb _[pb lc RP J[glo 
Ib[drb ?[pb][ii+ P_lqqfpe Glrok[i lc Mlifqf_[i B_lkljv) 2.) ./4z.1/+

H[ek) I+ ! Pebobo) M+ .66-+ @lkqfkdbkq M[v [ka J[k[dbof[i Mbocloj[k_b+ Fkarpqof[i [ka I[]lo Obi[qflkp 
Obsfbt) 107 .-4*./.+
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H[kabi) B+ ! I[wb[o) B+M+ .66/+ Mbbo Mobpprob [ka M[oqkbopefmp+ Glrok[i lc Mlifqf_[i B_lkljv) .--) 5-.*5.4+

Hbmbp) P+) Abibov) G+ B+ ! Drmq[) K+ /--6+ @lkqfkdbk_fbp fk qeb bccb_qp lc m[v o[kdb lk lod[kfw[qflk[i 
bccb_qfsbkbpp+ Mboplkkbi Mpv_elildv) 3/%0&7 164*20.+

Horbdbo) >+ ?+ .655+ Qeb abqbojfk[kqp lc nrbrbp clo cbabo[i gl]p+ Fkarpqof[i ! I[]lo Obi[qflkp Obsfbt) 1.%1&7 
234*25.+

I[qe[j) D+M+ ! Mfkabo) @ + /--2+ Tloh jlqfs[qflk qeblov [ka obpb[o_e [q qeb a[tk lc qeb qtbkqv*cfopq _bkqrov+  
>kkr[i Obsfbt lc Mpv_elildv) 23) 152*2.3+

I[wb[o) B+ M+ .656+ M[v bnr[ifqv [ka fkarpqof[i mlifqf_p+ Glrok[i lc Mlifqf_[i B_lkljv) 567 51.*531+

I[wb[o) B+ M+ /---+ Mbocloj[k_b m[v [ka molar_qfsfqv+ >jbof_[k B_lkljf_ Obsfbt) 6-7 .013*.03.+

Ibb) H+T+) Ibs) ?+) ! Ubl) D+E+E+ /--5+ Bub_rqfsb m[v afpmbopflk) _lomlo[qb dlsbok[k_b) [ka cfoj 
mbocloj[k_b+ Obsfbt lc Nr[kqfq[qfsb Cfk[k_b [ka >__lrkqfkd) 0-7 0.2*005+

Ibsbkqe[i) D+ P+ .643+ Qeb afpqof]rqflk lc obt[oap [ka obplro_bp fk dolrmp [ka lod[kfw[qflkp+ Fk I+ ?bohltfqw 
%Ba+&) >as[k_bp fk Bumbofjbkq[i Pl_f[i Mpv_elildv) Sli+ 67 6/*.0.+ Kbt Uloh7 >_[abjf_ Mobpp+

Iblk[oa) G+ P+ .66-+ Bub_rqfsb m[v [ka cfoj mbocloj[k_b+ Fkarpqof[i ! I[]lo Obi[qflkp Obsfbt) 10%0&7 P.0*P/6+

Ibsfkb) A+ F+ .66.+ @lebpfsbkbpp) molar_qfsfqv) [ka t[db afpmbopflk+ Glrok[i lc B_lkljf_ ?be[sflo ! 
Lod[kfw[qflk) .2%/&7 /04*/22+

J[_Hfkklk) A+M+) Il_htlla) @+J+) Elccj[k) G+J+) Tbpq) P+D+) ! Pebbqp) S+ /--/+ > _ljm[ofplk lc jbqelap 
ql qbpq jbaf[qflk [ka lqebo fkqbosbkfkd s[of[]ib bccb_qp+ Mpv_elildf_[i Jbqelap) 4) 50*.-1+

J[fk) ?+ D+ J+) L—Obfiiv) @+ >+) ! T[ab) G+ .660+ Qlm bub_rqfsb m[v7  Qlrok[jbkq lo qb[jtloh+ Glrok[i lc 
I[]lo B_lkljf_p) ..%1&7 3-3*3/5+

Jbalcc) G+ I+ ! >]o[e[j) H+ D+ .65-+ Bumbofbk_b) Mboclj[k_b) [ka B[okfkdp+ Nr[oqboiv Glrok[i lc B_lkljf_p) 
627 4-0*403+

Jf_e[bip) B+) E[kacfbia*Glkbp) E+ ! >ubiola) ?+ /--.+ Qeb t[o clo q[ibkq+ ?lpqlk7 E[os[oa ?rpfkbpp Mobpp+

Jfihlsf_e) D+ Q+ ! Kbtj[k) G+ J+ /--5+ @ljmbkp[qflk %6qe ba+&+ ?lpqlk7 J_Do[t Efii+

Jfkqw]bod) E+ .645+ M[qqbokp fk pqo[qbdv cloj[qflk+ J[k[dbjbkq P_fbk_b) /1) 601*615+ 

Jllkbv) @eofpqlmebo V+ .663+ ?llqpqo[m Pq[qfpqf_[i Fkcbobk_b7 Bu[jmibp [ka Bs[ir[qflkp clo Mlifqf_[i P_fbk_b+ 
>jbof_[k Glrok[i lc Mlifqf_[i P_fbk_b) 1-7 24-*3-/+

K[qflk[i El_hbv Ib[drb) /--/+ Lccf_f[i Drfab ! Ob_loa ?llh+ Hfkdpqlk) KU7 Qlq[i Pmloqp Mr]ifpefkd+

M[d[k) >+O+ .651+ "B_lkljbqof_ Fpprbp fk qeb >k[ivpfp lc Obdobppflkp tfqe Dbkbo[qba Obdobpplop") 
Fkqbok[qflk[i B_lkljf_ Obsfbt, /27 //.*/14+

Mcbccbo) G+ ! I[kdqlk) K+ .660+ Qeb bccb_q lc t[db afpmbopflk lk p[qfpc[_qflk) molar_qfsfqv) [ka tlohfkd 
_lii[]lo[qfsbiv7  Bsfabk_b colj _liibdb [ka rkfsbopfqv c[_riqv+ >ajfkfpqo[qfsb P_fbk_b Nr[oqboiv) 05%0&7 
05/*1-4+

Mcbccbo) G+ .661+ @ljmbqfqfsb [as[kq[db qeolrde mblmib7 Rkib[pefkd qeb mltbo lc qeb tloh clo_b+ ?lpqlk7 
E[os[oa ?rpfkbpp P_elli Mobpp+
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Milve[oq) O+ B+) Tbbhibv) G+) ! O[jpbv) G+ %/--6&+ Qeb @lkpbnrbk_bp lc Erj[k Obplro_b Pql_hp [ka Ciltp7 > 
Ilkdfqrafk[i Bu[jfk[qflk lc Rkfq Pbosf_b Lofbkq[qflk [ka Rkfq Bccb_qfsbkbpp+ >_[abjv lc J[k[dbjbkq 
Glrok[i) 2/) 663*.-.2+

Mobkabod[pq) @+  .666+  Qeb Molsfpflk lc fk_bkqfsbp fk cfojp+ Glrok[i lc B_lkljf_ Ifqbo[qrob) 04) 4y30+ 

P[i[jfk) >+) ! Elj) M+T+ /--2+ Fk pb[o_e lc qeb birpfsb R*pe[mba mbocloj[k_b*qroklsbo
obi[qflkpefm7 >ob efde mboclojfkd Ptfpp ][khbop jlob if[]ib ql nrfq<  Glrok[i lc >mmifba Mpv_elildv) 6-
%3&) ./-1*./.3+ 

P[i[ov Efpqlov lc @roobkq ! M[pq KEI Mi[vbop+ %k+a+&+ Obqofbsba fk /--2 colj eqqm7,,ttt+el_hbvwlkbmirp+_lj, 

P_et[]) A+ M+ ! Liplk) @+ >+ .66-+ Jbofq M[v Mo[_qf_bp7 Fjmif_[qflkp clo M[v*Mbocloj[k_b Obi[qflkpefmp+ 
Fkarpqof[i [ka I[]lo Obi[qflkp Obsfbt) 10%0&7 /04P*/22P+

Pe[t) G+ A+) Abibov) G+ B+) Gbkhfkp) D+ A+ ! Drmq[) K+ .665+ >k lod[kfw[qflk*ibsbi [k[ivpfp lc slirkq[ov [ka 
fkslirkq[ov qroklsbo+ >_[abjv lc J[k[dbjbkq Glrok[i) 1.%2&7 2..*2/2+

Pe[t) G+ A+ ! Drmq[) K+ /--4+ M[v Pvpqbj @e[o[_qbofpqf_p [ka Nrfq M[qqbokp lc Dlla) >sbo[db) [ka Mllo 
Mboclojbop+ Mboplkkbi Mpv_elildv) 3-%1&7 6-0*6/0+

Pe[t) G+ A+) Drmq[) K+) ! Abibov) G+ B+ /--/+ M[v afpmbopflk [ka tlohclo_b mbocloj[k_b7 Jlabo[qfkd bccb_qp lc 
fk_bkqfsbp [ka fkqboabmbkabk_b+ Pqo[qbdf_ J[k[dbjbkq Glrok[i) /0%3&7 16.*2./+

Pfbdbi) M+ >+ ! E[j]of_h) A+ @+ /--2+ M[v afpm[ofqfbp tfqefk qlm j[k[dbjbkq dolrmp7 Bsfabk_b lc e[ojcri 
bccb_qp lk mbocloj[k_b lc efde*qb_eklildv cfojp+ Lod[kfw[qflk P_fbk_b) .3%0&7 /26*/41+

Pl]bi) J+ B+ .65/+ >pvjmqlqf_ @lkcfabk_b Fkqbos[ip clo Fkafob_q Bccb_qp fk Pqor_qro[i Bnr[qflk Jlabip+ 
Pl_flildf_[i Jbqelalildv) .07 /6-*0./+

Pljjbop) M+ J+ .665+ Tloh fk_bkqfsbp [ka p[i[ov afpqof]rqflkp fk qeb K[qflk[i El_hbv Ib[drb+ >qi[kqf_ 
B_lkljf_ Glrok[i) /3) ..6+

Pqbbop) O+ J+ ! Mloqbo) I+ .650+ Jlqfs[qflk [ka tloh ]be[sflo+ Kbt Uloh7 J_Do[t Efii+

Pqfkb) O+ .66-+ >k fkqolar_qflk ql ]llqpqo[m jbqelap7 Bu[jmibp [ka fab[p+ Pl_flildf_[i Jbqelap [ka Obpb[o_e) 
.57 /10*/6.+

Pqroj[k) J+ @+) Qobslo) @+ L+) ?lraob[r) G+ T+) ! Dboe[oq) ?+ /--0+ Fp fq tloqe fq ql tfk qeb q[ibkq t[o< 
Bs[ir[qfkd qeb rqfifqv lc mbocloj[k_b*][pba m[v! Mboplkkbi Mpv_elildv, 23%1&7 664y.-03+

Qeljmplk) G+ .634+ Lod[kfw[qflkp fk >_qflk+ Kbt Uloh7 J_Do[t*Efii+

Qobslo) @+L+) Dboe[oq) ?+) ! ?lraob[r) G+T+ .664+ Slirkq[ov qroklsbo [ka gl] mbocloj[k_b7 @rosfifkb[ofqv [ka 
qeb jlabo[qfkd fkcirbk_bp lc p[i[ov doltqe [ka moljlqflkp+ Glrok[i lc >mmifba Mpv_elildv) 5/%.&7 11*
3.+

Sollj) S+ .631+ Tloh [ka jlqfs[qflk+ P[k Co[k_fp_l7 Glppbv*?[pp+

Tfkqbo) P+ D+ /---+ Qeb p[qfpcf_fkd mofk_fmib fk _[m[]fifqv ib[okfkd+ Pqo[qbdf_ J[k[dbjbkq Glrok[i) /.%.-*..&7 
65.*663+

Tlliaofadb) G+ /--/+ B_lkljbqof_ >k[ivpfp lc @olpp Pb_qflk [ka M[kbi A[q[+ @[j]ofadb) J>7 JFQ Mobpp+
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P78IB .

Hbv Bhbibkqp lc Oqrafbp lk MWv Afpmbopflk Bccb_qp lk MbocloiWk_b
ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ

Oqrav OWimhb
MbocloiWk_b 

JbWprob

MWv 
Afpmbopflk 

Pvmb
Ibsbh lc Tlog 

Fkqboabmbkabk_b

SfW JbWk MWv 
Ibsbh !_lsWofWqb&

SfW MWv(clo(
mbocloiWk_b 
!_lsWofWqb&

SfW Bimhlvbb Fkmrqp 
!_lsWofWqb&

BpqfiWqba MWv 
Afpmbopflk 
Jlabhhba

LsboWhh Bccb_q lc MWv 
Afpmbopflk lk MbocloiWk_b

8bWrilkq & EWoofp 
!/--0&

RH cfojp fk cfsb 
fkarpqofbp

mi[kq*ibsbi i[]lo 
molar_qfsfqv

sboqf_[i rkhkltk Kl Kl Kl ABM mofj[ofiv mlpfqfsb

8b_gbo & Erpbhfa 
!.66/&

Molcbppflk[i [rql 
o[_fkd aofsbop

o[_b cfkfpefkd 
mlpfqflk

i[qbo[i ilt Kl Kl Kl ABM mlpfqfsb

8hlli !.666&
Molcbppflk[i ][pb][ii 

mi[vbop,qb[jp

s[oflrp lk*cfbia 
[ka lcc*cfbia 

jb[probp
i[qbo[i ilt Ubp Kl Ubp %qb[j q[ibkq& ARM kbd[qfsb

8oltk' OqroiWk & 
Ofiibofkd !/--0&

>_rqb _[ob _bkqbop fk 
@[ifclokf[ elpmfq[ip

[sbo[db ibkdqe lc 
pq[v8 prosfs[i o[qb8 

OL>
sboqf_[i rkhkltk Ubp Kl Kl ABM jfuba

9lkvlk' Mb_g & 
OWahbo !/--.& RH pql_h j[ohbq cfojp

OL>8 qlq[i 
pe[obeliabo obqrok sboqf_[i rkhkltk Kl Kl Kl ABM kl bccb_q

9lteboa & Ibsfkb 
!.66/&

?rpfkbpp rkfqp tfqe 
eb[anr[oqbop fk RP> 

[ka BR
molar_q nr[ifqv sboqf_[i rkhkltk Kl Kl

Ubp %]rpfkbpp rkfq pfwb 
[odrba ql ]b [ moluv clo 
fkqbo_i[pp erj[k _[mfq[i 

afccbobk_bp8 gl] m[v 
afccbobk_bp [ipl objlsba 
fk lkb lc qeb afpmbopflk 

jb[probp ]v rpfkd o[qfl lc 
qtl m[v*obi[qfsb*ql*j[ohbq 

fkaf_[qlop [p afpmbopflk&

ARM kbd[qfsb

Abmgbk !/---&
Molcbppflk[i ][pb][ii 

qb[jp
tfkkfkd 

mbo_bkq[db i[qbo[i ilt Ubp Kl Kl ARM kbd[qfsb

Afkd' 7geqWo' & Db 
!/--6&

@efkbpb j[krc[_qrofkd 
[ka pbosf_b cfojp

pr]gb_qfsb obmloqp 
lc p[ibp doltqe 
[ka molar_q lo 
pbosf_b nr[ifqv

i[qbo[i [ka 
sboqf_[i

rkhkltk Kl Kl Kl ABM jfuba

Bofgpplk !.666& A[kfpe cfojp molcfqp,p[ibp sboqf_[i rkhkltk[ Ubp Kl Kl ABM mlpfqfsb

CoWk_g & Krbp_e 
!cloqe_lifkd&

Molcbppflk[i pl__bo 
qb[jp

tfkkfkd 
mbo_bkq[db8 

ib[drb pq[kafkd
i[qbo[i efde Ubp Kl Ubp %q[ibkq ebqboldbkbfqv& ARM kbd[qfsb

Cof_g' Mofkw' & 
TfkgbhiWkk !/--0&

Qb[jp colj clro 
molcbppflk[i pmloqp

tfkkfkd 
mbo_bkq[db

i[qbo[i jfuba Ubp Kl Kl ARM jfuba

Dorka & 
TbpqbodWWoa(

Kfbhpbk !/--5&
A[kfpe cfojp

s[irb [aaba mbo 
bjmilvbb sboqf_[i rkhkltk Ubp Kl

Ubp %bar_[qflk [ka 
bar_[qflk afpmbopflk& ARM kl bccb_q

EbviWk !/--2& Ptbafpe cfojp
molcfqp mbo 
bjmilvbb sboqf_[i rkhkltk Kl Kl Ubp %erj[k _[mfq[i ibsbip& ARM mlpfqfsb

EfYYp & Il_gfkd 
!/---& Ptbafpe cfojp molar_qfsfqv sboqf_[i rkhkltk Ubp Kl Kl ABM mlpfqfsb

Oqrav 7mmbWop ql 9lkqolh Lrq Afpmbopflk fk BumhWfkba MWv !ABM&

%q[]ib _lkqfkrba lk kbuq m[db&
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P78IB . !_lkqfkrba&

Hbv Bhbibkqp lc Oqrafbp lk MWv Afpmbopflk Bccb_qp lk MbocloiWk_b
ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ

Oqrav OWimhb
MbocloiWk_b 

JbWprob

MWv 
Afpmbopflk 

Pvmb
Ibsbh lc Tlog 

Fkqboabmbkabk_b

SfW JbWk MWv 
Ibsbh !_lsWofWqb&

SfW MWv(clo(
mbocloiWk_b 
!_lsWofWqb&

SfW Bimhlvbb Fkmrqp 
!_lsWofWqb&

BpqfiWqba MWv 
Afpmbopflk 
Jlabhhba

LsboWhh Bccb_q lc MWv 
Afpmbopflk lk MbocloiWk_b

Gbtbhh & JlhfkW 
!/--1&

Molcbppflk[i ][pb][ii 
qb[jp

tfkkfkd 
mbo_bkq[db

i[qbo[i ilt Kl Kl
Ubp %pbsbo[i erj[k _[mfq[i 
[ka lk*cfbia mbocloj[k_b 

jb[probp&
ARM kbd[qfsb

Hbmbp' Abhbov' & 
DrmqW !/--6&

Qor_h qo[kpmloq[qflk 
cfojp %aofsbop&

p[cbqv8 OLB8 
molar_qfsfqv8 

lmbo[qfkd o[qfl
i[qbo[i ilt Ubp Kl Ubp %pbkflofqv*][pba m[v& ARM mlpfqfsb

Ibb' Ibs' & Ubl 
!/--5&

Qlm j[k[dbjbkq 
dolrmp fk mr]if_ cfojp

j[ohbq s[ir[qflk8 
OL>

i[qbo[i [ka 
sboqf_[i

rkhkltk Kl Kl Kl ABM mlpfqfsb

IblkWoa !.66-& R+P+ cfojp
OLB8 _e[kdb fk 

OLB sboqf_[i rkhkltk Ubp Kl

Ubp %gl] m[v m[oqf[iiv 
_[mqroba ]v o[qfl lc ibsbi . 
[ka / m[v ql ibsbi 2 [ka 3 
m[v8 efbo[o_ev fkabu j[v 

[ipl m[oqf[i gl] m[v&

ARM kl bccb_q

JWfk' L Nbfhhv & 
TWab !.660& R+P+ cfojp OL> sboqf_[i rkhkltk[ Kl Kl Kl ABM mlpfqfsb

Mcbccbo & IWkdqlk 
!.660& Rkfsbopfqv c[_riqv mr]if_[qflkp i[qbo[i ilt Kl

Ubp %tfqefk*
abm[oqjbkq 

_loobi[qflk ]bqtbbk 
m[v [ka molar_qfsfqv&

Kl ARM kbd[qfsb

OeWt' DrmqW & 
Abhbov !/--/&

Qor_h qo[kpmloq[qflk 
cfojp %aofsbop&8

@lk_obqb mfmb mi[kqp 
%molar_qflk tlohbop&

p[cbqv8 
molar_qfsfqv8 
mbocloj[k_b 
mbo_bmqflkp

i[qbo[i

i[qbo[i

ilt

ilt[

Ubp

Ubp

Kl

Kl

Ubp %pbkflofqv*][pba m[v&

Ubp %pbkflofqv*][pba m[v&

ARM

ARM

mofj[ofiv kbd[qfsb,kl bccb_q

mofj[ofiv kbd[qfsb,kl bccb_q

Ofbdbh & EWiYof_g 
!/--2&

Qlm j[k[dbjbkq 
dolrmp fk mr]if_ cfojp

j[ohbq*ql*]llh 
s[irb8 qlq[i 
pe[obeliabo 

obqrokp

i[qbo[i [ka 
sboqf_[i

rkhkltk Kl

Ubp %cfoj pfwb [ka 
krj]bo lc ibsbi qtl 
bub_rqfsbp [odrba ql 

moluv m[v*clo*
mbocloj[k_b 
afccbobk_bp&

Ubp %qlm j[k[dbjbkq 
dolrm pfwb [odrba ql ]b [ 

moluv clo gl] crk_qflk 
afccbobk_bp qe[q tlria 

ibdfqfj[qbiv t[oo[kq m[v 
afccbobk_bp&

ARM kl bccb_q

Oliibop !.665& Molcbppflk[i el_hbv 
qb[jp

qb[j mlfkqp %qeb 
qb[j pq[kafkdp 
abqbojfk[kq&

i[qbo[i efde Ubp Kl Kl ARM kbd[qfsb

Oqrav 7mmbWop ql 9lkqolh Lrq Afpmbopflk fk BumhWfkba MWv !ABM&

Klqb7  Tb rpba qtl ab_fpflk oribp ql j[hb qeb ABM,ARM afpqfk_qflk7  %.& tb gradba i[qbo[i m[v afpmbopflk pqrafbp [p jlabifkd ARM fc tb _laba [p †vbp– [q ib[pq lkb lc qeb qeobb _lirjkp obmobpbkqfkd 
[sbkrbp clo _lkqoliifkd lrq pqo[qbdf_ m[v afpmbopflk bumi[k[qflkp8 %/& dfsbk qe[q sboqf_[i m[v afpmbopflk fk_lomlo[qbp gl] m[v afccbobk_bp) [ka qe[q gl] m[v fp qeb mofj[ov abqbojfk[kq lc [_qr[i m[v %Dboe[oq 
! Jfihlsf_e) .66/&) sboqf_[i m[v afpmbopflk pqrafbp qe[q afa klq m[oqf[i lrq gl] m[v lo gl] ibsbi fkaf_[qlop tbob gradba ql jlabi ABM+ Pqrafbp fk_iraba krjbolrp abmbkabkq s[of[]ibp) nr[ao[qf_ qbojp)
[ka lo fkqbo[_qflk qbojp8 ql pfjmifcv lro prjj[ov) qeb cfk[i _lirjk obcib_qp lro fjmobppflk lc qeb lsbo[ii ifkb[o m[v afpmbopflk bccb_q) rpr[iiv [p fkqbomobqba ]v qeb pqrafbp" [rqelop+
[Tefib qebpb qeobb pqrafbp fk_iraba) sf[ fkqbo[_qflk qbojp) [qqbjmqp ql bu[jfkb afpmbopflk bccb_qp [q iltbo [ka efdebo fkqboabmbkabk_b) fk klkb lc qeb qeobb fp fq _ib[o qe[q qeb tloh fqpbic fp bsbo qoriv 
fkqboabmbkabkq fk k[qrob %b+d+) tfqe mbo_bkq lc bjmilvbbp lk pbic*j[k[dfkd qb[jp [p qeb fkqboabmbkabk_b jb[prob) qeb †efde fkqboabmbkabk_b– s[irb Wjb[k mirp lkb pq[ka[oa absf[qflkY fk Pe[t bq [i+ 
t[p _ilpbpq ql qeb p_[ib [k_elo fkaf_[qfkd †[ijlpq klkb–&+
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P78IB /

JbWprobibkq Wka Jlabhfkd lc Hbv 9lkpqor_qp

SWofWYhb Abp_ofmqflk lc PbWi(vbWo JbWprobibkq,Jlabhfkd

EnlUrSpfsfpv!FahasRkp FaRolko cln ERv 2fomanoflk

fkmrqp jb[k) tfqefk qb[j*vb[o) lc fkafsfar[i mbocloj[k_b fkmrqp colj qeb KEIM> 
jb[prob[

DsanRhh ERv 2fomanoflk

m[v s[of[k_b s[of[k_b) tfqefk qb[j*vb[o) lc mi[vbo p[i[ov %o[t @MF*[agrpqba alii[op&

2AE (Ufomanoflk fk aumhRfkaU mRv 

 m[v s[of[k_b  
qeb m[v s[of[k_b qboj ]b_ljbp ABM tebk fq pe[obp s[of[qflk tfqe %fp jbaf[qba 
]v& molar_qfsfqv*obibs[kq fkmrqp8 ebk_b) qeb m[v s[of[k_b qe[q [ccb_qp mbocloj[k_b 
fkafob_qiv qeolrde fkmrqp fp [_qr[iiv ABM

 ABMZmobaf_qba s[of[k_b) tfqefk qb[j*vb[o) lc mobaf_qba s[irb colj fkafsfar[i*mi[vbo obdobppflk 
lc ilddba p[i[ov lk molar_qfsfqv*obibs[kq fkmrqp

2PE (Ufomanoflk fk rkaumhRfkaU mRv 

 m[v s[of[k_b
qeb m[v s[of[k_b qboj ]b_ljbp ARM tebk pqo[qbdf_[iiv*obibs[kq ob[plkp clo m[v 
afpmbopflk [ob m[oqf[iiba8 ebk_b) qeb m[v s[of[k_b qboj fk obdobppflk jlabip qe[q 
fk_irab qebpb ob[plkp [p _ls[of[qbp [_qr[iiv obmobpbkqp ARM

qeb m[v s[of[k_b qboj [ipl ]b_ljbp ARM tebk fq pe[obp kl s[of[qflk tfqe %fp klq 
jbaf[qba ]v& molar_qfsfqv*obibs[kq fkmrqp8 ebk_b) qeb afob_q m[v s[of[k_b bccb_q) 
tebk fkmrqp [ob fk_iraba fk qeb jlabi) fp [ ARM bccb_q

 ARMZobpfar[i  s[of[k_b) tfqefk qb[j*vb[o) lc obpfar[ip colj fkafsfar[i*mi[vbo obdobppflk lc 
ilddba p[i[ov lk molar_qfsfqv*obibs[kq fkmrqp  

ERv OpnRpadfao lpean peRk ERv 2fomanoflk

 m[v ibsbi jb[k) tfqefk qb[j*vb[o) lc mi[vbo p[i[ov

 m[v*clo*mbocloj[k_b tfqefk qb[j*vb[o _loobi[qflk ]bqtbbk mi[vbo m[v [ka fkafsfar[i fkmrqp colj qeb
KEIM> jb[prob

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ
[  Fkafsfar[i mbocloj[k_b fkmrqp [ob colj [ jb[prob lc mi[vbo s[irb qe[q t[p lccf_f[iiv [mmolsba 
]v qeb K[qflk[i El_hbv Ib[drb Mi[vbop— >ppl_f[qflk %KEIM>& clo rpb fk c[kq[pv el_hbv ib[drb 
mi[v+ Qefp p[k_qflkba jb[prob fp qeb prj lc pbsbk pq[ka[oafwba %tfqefk*vb[o& lk*f_b _ljmlkbkqp+



2-

P78IB 0

Abp_ofmqfsb OqWqfpqf_p Wka 9loobhWqflkp x PbWi Ibsbh SWofWYhbpW

SWofWYhbY JbWk p)a)  .  /  0  1  2  3  4  5

.+ Mlfkqp 52+42 .2+63 **

/+ Olrka .+-3 .+0. +4- **

0+ M[v s[of[k_b _ .+6- .+50 +1- +/3 **

1+ M[v ibsbi pqo[qbdv .+02 +16 +22 +0/ +53 **

2+ M[v*clo*mbocloj[k_b pqo[qbdv +34 +.5 +0. +.3 +12 +10 **

3+ Fkmrqp +24 .+04 +32 +10 +32 +46 +1- **

4+ ABMZmobaf_qba +/6 +.2 +11 +0/ +4/ +3/ +22 +35 **

5+ ARMZobpfar[i +/5 +.0 +.2 +./ +01 +05 *+00 +/6 +.5 **

[ D : .428 _loobi[qflkp dob[qbo qe[k +.2 [ob pfdkfcf_[kq [q m 9 +-2+
] >iqelrde tb pq[ka[oafwba qeb fkabmbkabkq s[of[]ibp fk [ii obdobppflk [k[ivpbp) qeb Q[]ib 0 jb[kp [ka pq[ka[oa absf[qflkp 
[ob fk qeb lofdfk[i jbqof_p+ M[v s[of[k_b fp fk erkaoba ]fiiflkp8 m[v ibsbi pqo[qbdv fp fk jfiiflkp8 ABMZmobaf_qba [ka 
ARMZobpfar[i [ob s[of[k_bp lc mobaf_qba s[irbp [ka obpfar[ip colj qeb mobaf_qflk lc ilddba m[v+
_ ?b_[rpb m[v s[of[k_b fp fk o[t alii[op) fq albp klq bnr[i qeb prj lc qeb jb[kp lc ABMZmobaf_qba [ka ARMZobpfar[i+ Qeb 
jb[k m[v s[of[k_b lc ilddba m[v) eltbsbo) fp +24) tef_e fp qeb prj lc qeb jb[kp lc ABMZmobaf_qba [ka ARMZobpfar[i+
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P78IB 1

MhWvbo 7_nrfpfqflk Wka Nbqbkqflk Yv MhWvbo Fkmrqp !MbocloiWk_b& Wka PbWi ABM Ibsbhp
NYWhW MoStWhl AaSt !Wso PWSh

RbSo o PbShp

RbSo o )- LgSubop

Dlt 9:L PbShp 
 qbShp Tbglt qeb 

9:L hbafSi!

Cfde 9:L PbShp 
 qbShp STlsb qeb 

9:L hbafSi!

MSqfl lc OqSu Sq 
Cfde 9:L ql OqSu 

Sq Dlt 9:L

Mlt 8liqofTrqfli
ql HsboSgg

8ef)pnrSob

Cfde fimrqp mgSubop
 qlm nrSoqfgb fi gbSdrb! ..3  02*,%! 1-6  32*,%! -*52 12*.%%%

ElaboSqb fimrqp mgSubop
 .2qe)42qe mboYbiqfgb! 3-1  21*0%! 2-4  12*4%! ,*51 -3*1%%%

Dlt fimrqp mgSubop
 Tlqqlh nrSoqfgb fi gbSdrb! .41  2-*2%! .25  15*2%! ,*61 .*.

PlqSg -(--1  15*0%! -(-61  2-*4%!

HsboSgg Yef)pnrSob7 30*6%%%

NYWhW  erWhl AaSt !Wso PWSh

RbSo o PbShp

RbSo o )- LgSubop

Dlt 9:L PbShp 
 qbShp Tbglt qeb 

9:L hbafSi!

Cfde 9:L PbShp 
 qbShp STlsb qeb 

9:L hbafSi!

MSqfl lc Elsb ql 
Cfde 9:L ql Elsb 

ql Dlt 9:L

Mlt 8liqofTrqfli
ql HsboSgg

8ef)pnrSob

Cfde fimrqp mgSubop
 qlm nrSoqfgb fi gbSdrb! 32  05*2%! -,1  3-*2%! -*3, -0*-%%%

ElaboSqb fimrqp mgSubop
 .2qe)42qe mboYbiqfgb! .4,  21*1%! ..3  12*3%! ,*51 ,*5

Dlt fimrqp mgSubop
 Tlqqlh nrSoqfgb fi gbSdrb! -3-  24*-%! -.-  1.*6%! ,*42 .*2

PlqSg 163  2.*1%! 12-  14*3%!

HsboSgg Yef)pnrSob7 -3*2%%%

NYWhW Aaa AaStWhl AaSt !Wso PWSh

RbSo o PbShp

RbSo o )- LgSubop

Dlt 9:L PbShp 
 qbShp Tbglt qeb 

9:L hbafSi!

Cfde 9:L PbShp 
 qbShp STlsb qeb 

9:L hbafSi!

MSqfl lc LgSu Sq 
Cfde 9:L ql LgSu 

Sq Dlt 9:L

Mlt 8liqofTrqfli
ql HsboSgg

8ef)pnrSob

Cfde fimrqp mgSubop
 qlm nrSoqfgb fi gbSdrb! .6-  02*5%! 2.0  31*0%! -*5, 3-*.%%%

ElaboSqb fimrqp mgSubop
 .2qe)42qe mboYbiqfgb! 551  21*00%! 410  12*4%! ,*51 -2*1%%%

Dlt fimrqp mgSubop
 Tlqqlh nrSoqfgb fi gbSdrb! 102  20*1%! 046  13*3%! ,*54 2*.%

PlqSg -(3-,  16*2%! -(312  2,*2%!

HsboSgg Yef)pnrSob7 5-*5%%%

Klqb7  Lsbo[ii _ef*pnr[ob fp [ qbpq lc qeb krii evmlqebpfp qe[q qebob fp kl obi[qflkpefm ]bqtbbk mi[vbo fkmrqp 
[ka qeb ABM ibsbi lc kbuq vb[o—p qb[j+ E. fp jlob pmb_fcf_[iiv [aaobppba ]v qeb olt _ef*pnr[ob qbpqp clo 



2/

efde fkmrqp mi[vbop) tef_e fkaf_[qb obgb_qflk lc qeb krii evmlqebpfp qe[q efde ABM [ka ilt ABM qb[jp al 
klq afccbo fk qebfo [qqo[_qflk [ka obqbkqflk lc efde fkmrqp mi[vbop+
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P78IB 2

Nbdobppflkp lc Mlfkqp lk MWv Afpmbopflk Pvmbp Wka OqoWqbdf_Whhv(obhbsWkq NbWplkp clo MWv AfpmbopflkW

SWofWYhb
 VVVVVVVVVVV         NWkali Bccb_qpVVVVVVVVVVVVVVVVVV 

.                /                0                  1                 2
VVVVVVVVVVVVVVVVVCfuba Bccb_qpVVVVVVVVVVVVVVVVVV

3               4                 5               6                 .-

@lkpq[kq 52+2/ ''' 52+4- ''' 52+24 ''' 54+10 ''' 51+50 ''' 52+42 ''' 52+42 ''' 52+45 ''' 52+/2 ''' 52+-- '''

%.+61& %.+/5& %.+62& %.+51& %.+41& %+--& %+--& %/+-2& %.+61& %+.6&

M[v s[of[k_b] 2+.- ''' *+-2 *2+.3 ' 0+43 x +-2 *2+56 '

%.+33& %.+4.& %/+05& %.+52& %.+15& %/+43&

ABMZmobaf_qba 2+-1
''

3+05 ''' 0+35 ' 1+41 ''

%.+4.& %.+51& %.+34& %.+55&
ABMZmobaf_qba/ *.+5- ' *.+14 '

%+5-& %+55&
ARMZobpfar[i *+./ *+0. *+60 *.+-0

%.+03& %.+01& %.+03& %.+06&
Fkmrqp 6+// ''' 3+51 '''

%.+/1& %.+13&

M[v ibsbi .-+42 ''' .-+// '''
%/+/-& %/+3-&

M[v*clo*mbocloj[k_b /+-4 x /+-0
%.+//& %.+/3&

I- +.3 +10 +.6 +/0 +00 +.3 +10 +.3 +/. +0/
”/ 6+1- '' 36+.4 ''' 5+51 ' ./+05 '' 0/+6. ''' 1+6/ x 3+22 x

C 1+.1 x .0+31 ''' 4+03 '''

]ABM ; ]ARM <_ Ubp Ubp Ubp Ubp
[ Ol]rpq pq[ka[oa boolop [ob fk m[obkqebpbp clo [ii ]rq jlabip qeobb) clro) bfdeq) [ka kfkb) tebob tb rpb ]llqpqo[mmba pq[ka[oa boolop ql [__lrkq clo 
dbkbo[qba obdobpplo ]f[p %]llqpqo[mmba [ka o[kalj bccb_qp jlabip vfbia jlabi cfq pq[qfpqf_p fk qbojp lc  ”/ o[qebo qe[k I-&8 [ii fkabmbkabkq s[of[]ibp 
tbob pq[ka[oafwba moflo ql qeb obdobppflkp+ K:.42 clo [ii jlabip+
]  >p abp_of]ba fk Q[]ib /) m[v s[of[k_b ]b_ljbp ABM tebk fq [ccb_qp mlfkqp fkafob_qiv qeolrde fkmrqp %pbb qeb Obpriqp pb_qflk clo qeb fkafob_q 
bccb_qp _[i_ri[qba colj jlabip lkb [ka qtl [ka colj jlabip pfu [ka pbsbk&+ Arb ql qeb _ls[of[qbp jlabiba) m[v s[of[k_b ]b_ljbp ARM fk jlabip 
qtl) cfsb) pbsbk) [ka qbk+
_ †Ubp– fkaf_[qbp pq[qfpqf_[i afccbobk_b %m9+-2& ]bqtbbk ABMZmobaf_qba [ka ABMZobpfar[i8 qbpqp _lkar_qba fk Jlabip qeobb) clro) bfdeq) [ka kfkb+
xm 9 +.-) 'm 9 +-2) ''m 9 +-.) '''m9+--.
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P78IB 3

Nbdobppflkp lc Nlrka lk MWv Afpmbopflk Pvmbp Wka OqoWqbdf_Whhv(obhbsWkq NbWplkp clo MWv AfpmbopflkW

SWofWYhb
 VVVVVVVVVVV         NWkali Bccb_qpVVVVVVVVVVVVVVVVVV 

.                /                0        1                 2
VVVVVVVVVVVVVVVVVCfuba Bccb_qpVVVVVVVVVVVVVVVVVV

3               4                 5                 6                 .-
@lkpq[kq .+04 ' .+.3 ' .+22 .+34 .+/2 ' .+31 ' .+// ' .+22 .+36 .+23 x

%+32& %+25& %1+04& %1+0/& %+30& %+5.& %+3/& %1+3/& %1+53& %+50&

M[v s[of[k_b ] +// ' *+./ *+/0 +-1 *+.6 *+10 x

%+..& %+./& %+.6& %+.2& %+.2& %+/1&

ABMZmobaf_qba +01
'''

+2/ ''' +/5
'

+1- '

%+.-& %+.1& %+./& %+.4&
ABMZmobaf_qba/ *+.3 x *+..

%+./& %+.-&
ARMZobpfar[i +-1 +-. *+-/ *+-1

%+.0& %+./& %+./& %+./&
Fkmrqp +35 ''' +34 '''

%+.0& %+.3&

M[v ibsbi +14 '' +16 '

%+.4& %+/.&
M[v*clo*mbocloj[k_b +.2 +.2

%+./& %+.1&

”/ 1+.4 ' 0-+6/ ''' ./+/. '' .1+3- '' .0+26 '' +-4 .3+26 ''' 2+02 x 2+31 3+26 x

]ABM ; ]ARM <_ Ubp Ubp Ubp Ubp

[ Tb rpb ]llqpqo[mmba pq[ka[oa boolop fk jlabip qeobb) clro) bfdeq) [ka kfkb ql [__lrkq clo dbkbo[qba obdobpplo ]f[p8 [ii fkabmbkabkq s[of[]ibp tbob
pq[ka[oafwba moflo ql qeb obdobppflkp8 D:.42 clo o[kalj bccb_qp jlabip) ]rq D. .3- clo cfuba bccb_qp jlabip ]b_[rpb .2 l]pbos[qflkp tbob 
bifjfk[qba arb ql qb[jp— [ii wbol s[irbp clo olrka [_olpp vb[op fk cfuba bccb_qp jlabip+
] >p abp_of]ba fk Q[]ib /) m[v s[of[k_b ]b_ljbp ABM tebk fq [ccb_qp mlfkqp fkafob_qiv qeolrde fkmrqp %pbb qeb Obpriqp pb_qflk clo qeb fkafob_q 
bccb_qp _[i_ri[qba colj jlabip lkb [ka qtl [ka colj jlabip pfu [ka pbsbk&+ Arb ql qeb _ls[of[qbp jlabiba) m[v s[of[k_b ]b_ljbp ARM fk jlabip 
qtl) cfsb) pbsbk) [ka qbk+
_ †Ubp– fkaf_[qbp pq[qfpqf_[i afccbobk_b %m9+-2& ]bqtbbk ABMZmobaf_qba [ka ABMZobpfar[i8 qbpqp _lkar_qba fk Jlabip qeobb) clro) bfdeq) [ka kfkb+
xm 9 +.-) 'm 9 +-2) ''m 9 +-.) '''m9+--.
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CFDRNB .

9lk_bmqrWh Wka Bimfof_Wh Mbopmb_qfsbp lk Afpmbopflk fk BumhWfkba MWv !ABM&

Lsbo[ii m[v afpmbopflk
§ ploqfkd [ka mlqbkqf[i fk_bkqfsb ]bkbcfqp abmbka lk obi[qfsb   
[jlrkqp lc ABM [ka ARM
§ m[v fkbnrXhfqv

Afpmbopflk fk rkbumi[fkba m[v %ARM&
§ m[v afpmbopflk fkabmbkabkq lc molar_qfsfqv*
obibs[kq fkmrqp  
§ kl l]sflrp ploqfkd lo fk_bkqfsb ]bkbcfqp
§ m[v fkbnrfqv

Afpmbopflk fk bumi[fkba m[v %ABM&
§ m[v afpmbopflk rpba ql pb_rob 
molar_qfsfqv*obibs[kq bjmilvbb fkmrqp
§ploqfkd [ka mlqbkqf[i fk_bkqfsbp ]bkbcfqp
§ m[v bnrfqv

Molar_qfsfqv*obibs[kq bjmilvbb fkmrqp
§ gl] mbocloj[k_b) []fifqv
§ gl] ebia 

M[v afpmbopflk

Molar_qfsfqv*
obibs[kq bjmilvbb 

fkmrqp

ARM bccb_q  
%kbd[qfsb lo wbol) 

afob_q bccb_q&

ABM bccb_q  
%mlpfqfsb) fkafob_q WploqfkdY bccb_q 
lc m[v afpmbopflk qeolrde fkmrqp&

Qb[j 
mbocloj[k_b

Klqb7  ?lqe bjmfof_[i [mmol[_ebp [ob _lkpfpqbkq tfqe qeb _lk_bmqr[i co[jbtloh mobpbkqba []lsb %qlm&+

ABM 

%afob_qiv jb[proba lo 
qeolrde m[oqf[iifkd& 

ABM bccb_q  
%mlpfqfsb) sf[ ploqfkd [ka) 

mlqbkqf[iiv) fk_bkqfsbp& Qb[j 
mbocloj[k_b

AimfnfSRh -mmnlRSe (( 

AimfnfSRh -mmnlRSe () 

1lkSamprRh CnRiatlng

ARM 

%afob_qiv jb[proba lo 
qeolrde m[oqf[iifkd& 

ARM bccb_q  
%kbd[qfsb lo wbol&
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@e[oifb L+ Qobslo %_qobslo=]rp+tfp_+bar& fp [k [ppl_f[qb molcbpplo fk qeb J[k[dbjbkq [ka 

Erj[k Obplro_bp Abm[oqjbkq [q qeb P_elli lc ?rpfkbpp) Rkfsbopfqv lc Tfp_lkpfk*J[afplk+  Eb 

b[okba efp Me+A+ fk fkarpqof[i [ka i[]lo obi[qflkp colj @lokbii Rkfsbopfqv+ Efp _roobkq obpb[o_e 

fkqbobpqp fk_irab bjmilvbb _ljmbkp[qflk) slirkq[ov qroklsbo) [ka altkpfwfkd+

Dobd Obfiiv %dobfiiv=]rpfkbpp+r_lkk+bar& fp [k [ppfpq[kq molcbpplo fk qeb J[k[dbjbkq 

Abm[oqjbkq [q qeb Rkfsbopfqv lc @lkkb_qf_rq P_elli lc ?rpfkbpp+  Eb ob_bfsba efp Me+A+ colj qeb 

Rkfsbopfqv lc Tfp_lkpfk*J[afplk+  Efp _roobkq obpb[o_e fkqbobpqp fk_irab qb[jp) dl[ip) [ka 

_ljmbkp[qflk+

?[oov Dboe[oq %]dboe[oq=]rp+tfp_+bar& fp qeb Biifd Afpqfkdrfpeba @e[fo [q qeb P_elli lc 

?rpfkbpp) Rkfsbopfqv lc Tfp_lkpfk*J[afplk+   Eb ob_bfsba efp Me+A+ fk Fkarpqof[i Obi[qflkp colj 

qeb Rkfsbopfqv lc Tfp_lkpfk*J[afplk+  Efp obpb[o_e fkqbobpqp fk_irab _ljmbkp[qflk) erj[k 

obplro_b pqo[qbdv) [ka fkqbok[qflk[i erj[k obplro_bp+

 


